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EXECUTIVE SUMMARY 
 
 
Modern automobiles are painted with basecoat, technology which is either metallic, 
solid colour or pearlescent. This requires protection from chemicals, scratching, 
weathering and UV light by applying a protective top coat (clearcoat) over the 
basecoat. For the clearcoat to cure into a hard protective shell it undergoes an 
irreversible crosslinking process. This usually takes place over the first four to five 
hours, depending on the formulation and weather conditions. The speed of 
crosslinking can be enhanced by temperature. Pot life is important as it can affect 
the overall quality of the painted surface. If crosslinking occurs too quickly, before the 
clearcoat is applied onto the surface, the clearcoat cannot be used to produce a 
good quality finish. The “expired” mixture is thus discarded. If used, the quality of the 
finished product cannot be guaranteed to last, and the paintwork may have to be 
redone. This often means removing the underlying paint and primer as well with the 
clearcoat film. Besides the time lost, the discarded clearcoat mixture often lands in 
the landfill, polluting ground water and the environment. It is thus important from the 
point of view of both the environment preservation and waste management, that as 
much clearcoat as possible is used without being wasted.  It was proven in an earlier 
study (BSc Hon Formulation Science Treatise, 2011) that adding eugenol to a 
clearcoat mixture after crosslinking had started could reduce its viscosity, which is an 
indicator of crosslinking progress. Crosslinking subsequently resumed at a lower rate 
than in traditional blends. If stored away from oxygen and high temperatures, this 
blend could maintain optimum viscosity indefinitely. In this follow up study an 
optimum formulation was developed using D - optimal experimental design. It sought 
to extend the pot life to avoid waste to spray painters while saving the environment 
from pollution. The formulation that gave the desired viscosity after five hours of pot 
life was adopted. It was hypothesised that the optimum formulated clearcoat mixture 
would have a longer pot life than its traditional counterparts, and that it would 
perform just as well as the traditional clearcoat mixtures. To study the rate of 
crosslinking (disappearance of functional groups and appearance of the urethane 
bond), FTIR spectrometry was performed on a mixture produced from the optimized 
formula in comparison to that of a traditional mixture (the control). The rate of 
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disappearance of functional groups was found to be lower in the eugenol mixture 
than in the control mixture. After six hours, eugenol was added into the control 
mixture, and this seemed to reduce the viscosity with the re-emergence of functional 
groups in the mixture. After 24 hours of crosslinking, an FTIR scan was done on the 
solid sample and this revealed that the eugenol mixture had crosslinked fully, with no 
detectable functional groups in the sample.  
The optimum mixture was also sprayed onto steel panels and tested for performance 
using ASTM test methods. The results were compared to existing specifications of 
clearcoat mixtures in the market. Although the cross hatch adhesion test and 
indentation test results did not compare favourably with the traditional clearcoat 
specifications, the clearcoat performed within the recommended specifications for 
flexibility, scratch hardness, gloss and film thickness.  
The optimum formulation was found to be one that contained 42.5% clearcoat resin; 
30% thinner (solvents); 27% hardener and 0.5% eugenol. This formulation gave an 
efflux time (viscosity) of 16 seconds through the Ford Cup No 4 at 20°C, which was 
within the 15-18s range specified by Kapci Coatings. 
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 
 
Coatings are applied onto substrates to protect the substrate from environmental 
elements like humidity and UV rays, to impart colour and to decorate the substrate. 
Previously, solid 2K paint (paint with two components in one) was used on 
automobiles but it is now being replaced with a coloured basecoat which requires 
protection by applying a clearcoat (top coat) as the final coat.  
The final coat is made by mixing clearcoat (acrylic resin) with hardener (isocyanate). 
Once the hardener has been mixed with resin crosslinking starts. After a few hours, it 
is said to exceed pot life, a point beyond which the mixture cannot be used as it 
becomes too viscous for application and has to be discarded. It is therefore desirable 
for the clearcoat to be applied onto the substrate before this point so that it cures to a 
hard shell to protect the basecoat and substrate. Pot life typically lasts about four 
hours, depending on the technology and environmental conditions. 
1.1  AUTOMOTIVE BODY CARE 
 
In the panel-beating / spray-painting industry the pot life of the paint is crucial in 
ensuring good results. The turnaround time of paint jobs and resources are also 
affected by the pot life of clearcoat. When clearcoat exceeds its pot life it cannot be 
thinned again as the viscosity increase is due to crosslinking, which is irreversible. 
This often results in copious amounts of the mixture being discarded; if one uses it 
anyway, the automobile or substrate (or whatever is being sprayed) sometimes goes 
through several painting jobs before a satisfactory result is achieved. This might 
entail scraping or sandblasting the paint off and repainting the automobile. This 
places an enormous burden on production, the environment and the costs of panel 
beaters and car owners alike. Over the years, various paints and coatings have been 
developed for the automobile industry, these are discussed below. 
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1.1.1 Lacquer paints  
Lacquer paints, which are nitrocellulose-based were used to paint the first 
automobiles. They were also referred to as 1K (one component) paints, are coatings 
that do not require a hardener [1]. Their viscosity depends on the amount of solvent 
in the formulation. As the solvent evaporates the viscosity increases. It can be 
reduced by adding more solvent. Lacquer paints are easier to use than 2K (two 
component) paints and dry quicker. They require more coats for the same coverage 
as 2K paints, and are thus expensive to use. Furthermore, after about two weeks the 
lacquer paint has to be “cut and polished”. This means that for at least two weeks the 
vehicle must be inactive. Lacquer coatings crack up and chip after a few years and 
have to be re-painted, thus rendering this choice more inconvenient and expensive 
than 2K coatings. Although still used to restore antiques, lacquer paints have been 
gradually replaced by 2K coatings over the years. [1]. Their main disadvantage was 
poor chemical resistance and poor resistance to UV light. 
 
1.1.2 2K Single stage paint 
2K technology (two-component) requires mixing with a hardener or catalyst so that it 
can cure to a hard protective layer. The hardener is usually in the form of isocyanate, 
which crosslinks with the base, often an acrylic or polyester, to form a polyurethane 
coating that is resistant to wear by environmental factors. 2K paint cures by 
functional groups (NCO and OH) linking together to form a new compound. It is thus 
important to mix a correctly measured ratio of the two components to ensure 
crosslinking density. The coating must be applied within a specific time frame or it 
loses its efficacy. Once dry the coating cannot be softened by any means, including 
re-introducing the solvent. No clearcoat is necessary over the paint film as it cures to 
form a hard shell over the surface. For this reason, this coating is also referred to as 
single stage coating. 
Until recently only 2K paint was used on all automotive finishes. However, 2K paint is 
mostly available in solid colours, which means that it does not cater for the modern 
trend of using metallic and pearlescent colours on automobile finishes.  For this 
reason, the basecoat / clearcoat (BC/CC) system was developed.  
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1.1.3 Basecoat and clearcoat (BC/CC) 
In the basecoat/clearcoat system an acrylic / polyester melamine resin with metallic 
pigments, (aluminiums, pearls or xyrallics) is applied onto the primed surface to give 
aesthetic features to the surface. The complex nature of this resin makes it prone to 
abrasion and weathering thus this basecoat has to be protected by coating it with a 
(non-pigmented) clearcoat. Like the 2K paint, the clearcoat not only gives gloss to 
the surface but also protects the basecoat against weathering, biological and 
mechanical damage [2].  
Just like the 2K paints, clearcoat is composed of two main parts, the hardener 
(usually polyisocyanate) and the resin (usually a polyol). The correct proportion of 
clearcoat resin to hardener is important for it to reach the correct crosslinking 
density; otherwise the crosslinking process will be incomplete, diminishing the quality 
of the finished product. Clearcoat can be sprayed over any existing paint, including 
lacquer paint [1]. It gives an excellent finish, dries quickly and does not fade easily 
while it provides good protection from chipping, abrasion and general weathering.  
 
1.1.4 Traditional polyurethane clearcoat  
Presently, car refinishers have to purchase clearcoat resin, hardener and thinner 
(solvent) separately. They then measure precise ratios of the three and mix them to 
form a blend as per suppliers’ technical data sheets. Upon mixing, the isocyanate 
(N=C=O) and the hydroxyl (OH) groups from the hardener and resin polymers 
respectively, start to crosslink through the following reaction [6], resulting in a 
complex polymer chain network. 
 
ROH + O=C=N-R1  ROCONH-R1      Eq 1.1 
    
The crosslinking process is a function of time as represented by the rate equation 
(Equation 1.2), in which the functional groups of the two neighbouring polymer 
chains, in this case the isocyanate (N=C=O) and hydroxyl groups (O-H) respectively, 
form covalent bonds which result in a polyurethane polymer network. Once 
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crosslinked, the polymer chains lose their ability to move as individual chains and the 
product becomes solid. The covalent crosslinks formed are so stable they cannot be 
broken.    
d [NCO+ OH] /dt = k [NCO][OH]       Eq 1.2 
  
The new formulation that is being developed in this study is a modification of the 
traditional clearcoat blend viz. clearcoat resin, hardener, and thinner. The 
development of this blend is discussed in more detail in the next chapter. 
1.2  POT LIFE AND CROSSLINKING 
 
Pot life starts when the components of a two- or multi-component paint are mixed 
and ends at a point where the mixed paint cannot be applied to achieve acceptable 
results. It is characterized by an increase in viscosity of the paint. It can also be 
understood as the useful life of the mixed paint.  
As soon as the two components of the blend, viz, resin and hardener, are mixed a 
chemical curing reaction begins. This is through a process called crosslinking. 
Crosslinks are bonds, ionic or covalent, that link a polymer chain to another via 
functional groups that are on both of them. Functional groups are groups of atoms in 
a given molecule that are responsible for the characteristic chemical reaction of the 
molecule itself [1]. The presence of crosslinks between macromolecules has a direct 
bearing on how they respond to heat, pH and solvents. Individual, un-crosslinked 
chains melt at high temperatures and can slide past one another. After they have 
been crosslinked, when they become rigid, they can no longer melt at high 
temperatures but instead degrade irreversibly [16].  
Crosslinks can be formed by chemical reactions that are initiated by heat, pressure, 
change in pH, or radiation [1].  This is an irreversible process. When radiation from a 
gamma ray, an electron beam or any other source, interacts with a polymer its 
energy is absorbed by the polymer material and active free radicals are produced, 
initiating various chemical reactions. These include crosslinking, chain scission, 
branching etc. Radiation curing of coatings is a combination of crosslinking and 
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polymerization [17]. The primary processes that happen upon radiation of a polymer 
include ionization, excitation, and stabilization of electrons through generation of hot 
electrons, ion neutralization and free radicals. Free radicals are created through 
scission of the polymer chain or dissociation of the CH side chains. After any of the 
above has happened free radicals get generated by either hydrogen abstraction, 
addition to double bond, recombination (crosslinking or branching) etc. As a rule of 
thumb, polymers with more H atoms on the side are more likely to crosslink upon 
radiation than those with a methyl group and di-substitutions, which generally 
degrade upon radiation. Aromatic polymers with a benzene group in the chain or at  
the side are resistant to radiation [17].  
For polyurethanes, even if the backbone of the macromolecule does not contain a 
urethane group, the urethane structure itself can be formed by the actual crosslinks 
[17]. The functional groups, viz. hydroxyl and isocyanate, once crosslinked, form a 
urethane link. 
Polyisocyanate is a polymer chain that has many isocyanate functional groups. 
Because they are electrophiles, isocyanates easily react with antioxidants to get the 
electrons from them whenever in contact. Van der Waals forces in the polymer chain 
cause it to coil up in a random coil when at rest [3]. Upon being stirred the polymer 
chain straightens up and exposes the functional N=C=O group to the surface. Some 
chain scission may also take place at this stage, giving rise to secondary radicals. 
These radicals are not related to the initial (primary) radicals resulting from the 
autooxidation when oxygen loses an electron upon being heated. On the other hand, 
the polyol has a hydroxyl functional group that can readily lose its electron to the 
more electrophilic isocyanate. When mixed, the isocyanate group and the hydroxyl 
group start to form covalent bonds, connecting the two chains at intervals. Unstable 
intermediates formed help propagate the crosslinking process. 
The isocyanate group reacts readily with an active hydrogen atom in the molecules 
of the co-reactant to generate an unstable intermediate. The intermediate will then 
react with another isocyanate group as it has an active hydrogen, thus the process 
continues until either there are no more functional groups or they are so far apart 
they cannot crosslink. The result is a solid three-dimensional structure with a high 
molecular weight.  
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1.2.1 Effect of oxygen on crosslinking 
A free radical is any molecule capable of independent existence that has an 
unpaired electron [26]. Molecular oxygen contains two unpaired electrons and is 
therefore a free radical. Free radicals, in the absence of anti-oxidant, can initiate 
chemical reactions [27]. Oxidative polymerization happens when monomer is 
exposed to oxygen and its properties can change. Auto-oxidation is a process 
whereby oxygen reacts with other molecules at room temperature. 
In the drying of clearcoat, oxygen seems to react with a methylene group adjacent to 
a double bond in the oil molecule to form a hydroperoxide [16] in the proposed 
reaction 
RH + O2  ROOH         Eq 1.3 
  
The double bond shifts to form a conjugated structure. The hydroperoxide groups 
break down resulting in formation of free radicals. These help the crosslinking 
process and the molecular weight increases steadily as the mixture gradually 
changes from being liquid to being solid [16].  
 
1.2.2 Effect of temperature on crosslinking 
When at rest, polymer chain is coiled and stationary. Attractive Van der Waals forces 
keep the molecules of a particular polymer closer together. When the temperature is 
increased, these attractive forces are overcome, allowing the polymer molecules to 
uncoil and straighten up. This uncoiling allows increased mobility of polymer chains 
as they slide past one another. Brownian motion increases as well and the chains 
can then align better, making conditions more favourable for crosslinking.  
Infrared spectroscopy was used by Yang and Lee to measure the curing kinetics of 
unsaturated polyester resins isothermally [30]. After they carried out the studies at 
different temperatures, they concluded that the key feature of the copolymerization 
was the formation of microgel particles and that reaction temperature does affect 
curing behaviour of polyurethane (PU) resins [30]. De la Caba et al further analysed 
the effect of temperature on the cure kinetics of two different PU resins using Fourier 
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transform infrared (FTIR) spectroscopy. They concluded that for both resins, cure 
rate was increased by temperature [25]. It should be noted though that a faster 
curing rate does not necessarily mean a higher final degree of cure as some double 
bonds often remain buried in the microgel structure, thus hidden from other 
functional groups. Higher molar ratio slows down the reaction rate because of the 
dilution effect, gelation and vitrification time is longer and reactions take longer to 
complete [25].  
Upon heating, the polymer absorbs part of the energy as thermal energy. Main chain 
scission decreases and crosslinking increases with increasing temperature in the 
case of radiation cross-linked polymers. Glass transition temperature, Tg, is a 
temperature above which the bulk material ceases to be brittle and becomes 
rubberier and less rigid [16]. Below the glass transition temperature (Tg), (but not 
necessarily always), the migration and recombination of radicals are suppressed but 
above it when the mobility improves, crosslinking happens more freely. An example 
is the irradiation crosslinking of PVDF by Cheng et al [17], where the activation 
energy at <50°C was 1.36 kcal/mol. It decreased to -9.6 kcal/mol when the 
temperature was raised to >50°C [17] indicating the ease of the reaction at higher 
temperature relative to the lower temperature. At higher temperatures Brownian 
movements also aid the crosslinking, which would otherwise be limited to 
recombination of secondary radicals formed by side chain scission and end linking, 
and the recombination of secondary radicals and primary radicals formed by main 
chain scission. The polymer chains get more opportunity of being aligned (leading to 
more contact) than when they are stationary with no Brownian movement.   
 
1.2.3 Types of  crosslinking 
There are two types of crosslinking, H type and T type. H type is where radicals 
involved are secondary ones that were formed by the break of the side chain, linked 
to the main chain or by attachment of a small radical to the unsaturated double bond 
on the main chain. T type is when primary and secondary radicals from the main 
chain scission recombine. Flexible polymers tend to form H type while rigid ones 
favour T type.   
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In clearcoat crosslinking, the polyisocyanate polymer chains may uncoil and undergo 
scission when stirred, giving rise to shorter chains called secondary radicals. When 
the solution of polyisocyanate, n-butyl xylene acetate (solvent) and polyacrylic acid is 
stirred, the N=C=O functional groups are then better exposed to the polyacrylic acid 
OH group, which then crosslink to form covalent bonds resulting in urethane bonds. 
These may be the short chains resulting from chain scission as well as the N=C=O 
still attached to the backbone of the polymer chain. The crosslinks result in a three-
dimensional structure, reducing mobility of the individual chains and ultimately 
solidifying the mixture.     
 
1.2.4 Eugenol  
Eugenol, 4-allyl-2-methoxyphenol, is an allyl-substituted phenolic compound with a 
molecular formula C10H12O2 and a molecular weight 164.20g. See Figure 1.1. 
 
Figure 1.1  Structure of eugenol 
 
It is a natural compound that is a major component of clove oil. It is a clear yellowish 
liquid that emanates a strong spicy aroma. It is used largely in agriculture, cosmetic 
and pharmaceutical industries. Eugenol has been studied extensively and has 
antioxidant [18, 19], anti-inflammatory [20] and antifungal properties. It is a 
sustainable resource since it comes from plants, which can be grown over and over 
in relatively reasonable periods. Tons of cloves (Eugenia caryophyllata) are 
produced annually in the Far East.  
The allyl substituent of eugenol can form a stable radical because it is stabilised by 
resonance (see Figure 3.7 in Chapter 3) [31]. Stable radicals are not sufficiently 
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reactive to add to the linkage of another molecule. They can either lose a further 
hydrogen atom by reaction with a second polymer radical monomer or by 
disproportionation with another phenoxy radical in the case of inhibitors [24]. 
According to Cheng and his colleagues [17], the benzene ring can render a polymer 
resistant to radiation. The eugenol’s radical trapping capacity disrupts chain growth. 
When added to a polymer, it acts as a reducing agent by sharing the unpaired 
electron from the free radicals, thereby rendering them unavailable to crosslink with 
the corresponding functional group of the adjacent chain. According to Randall and 
colleagues [23], the allyl group at the 4-position is approximately four times more 
reactive than the methoxyphenol at the 2-position. The allyl group is a reactive 
intermediate that derives its stability from resonance [31]. When it meets the C=O of 
the electrophilic isocyanate it blocks the COO- functional group of the polyacrylic acid 
from crosslinking with isocyanate because the allyl group is more reactive.  By 
blocking the crosslinking site and process through steric hindrance, the individual 
molecules stall the viscosity growth as the functional groups from the polymer chains 
cannot crosslink due to steric hindrance [23]. This way the solution remains less 
viscous for longer until the eugenol molecules are consumed and the conditions for 
crosslinking are favourable. After the eugenol has been consumed, the crosslinking 
sites become available again to continue the curing process without hindrance.  
In preliminary experiments performed during a 2011 study [29], similar blends of 
clearcoat were exposed to differing temperature and humidity conditions. Without 
exception, when eugenol was added to the mixture after crosslinking had already 
started, the viscosity of all the blends invariably dropped before resuming growth at a 
lower rate. This means that eugenol could reduce the viscosity temporarily possibly 
by blocking the crosslinking sites, thus allowing the chains to be mobile and slide 
past one another for as long as the eugenol molecule was still available in the 
mixture. Graph 1.1 shows the lag phase that precedes a steep rise in viscosity and 
the steep decrease in viscosity after addition of eugenol at 3 hours (see arrow). 
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Graph 1.1 Effect of eugenol on curing at different conditions [29] 
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When Bondet and colleagues [22] measured the activation energy of the 
antiradicalar process between eugenol and the free radical DPPH·, it was found to 
be between 21-42 kJ/mol, indicating that the action of the reducing agent and the 
radical was thermodynamically favoured thanks to the absence of steric hindrance 
between the eugenol’s allyl group (on the C-4 site) and the –OH site of the polyol 
[22]. For it to be useful, a retarder must be effective at concentrations ≤1% of the 
mixture [24]. A retarder reacts more readily with the secondary radicals than does 
the polymer (or monomer) to produce a product that will not sustain polymerizat ion 
or crosslinking, but does not compete with primary radicals either [24]. The 
crosslinking process slows, as indicated above, until the retarder is consumed before 
it resumes. Higher concentration of retarder will inhibit further crosslinking 
completely.    
 
1.2.5 Viscosity 
The response variable of this study is viscosity. It is a function of efflux time, which is 
the time taken by a given volume of sample to flow through the orifice of a Ford 
Viscosity Cup No 4 at room temperature. The kinematic viscosity (ν) (in centiStokes) 
can be determined from efflux time by using equation 1.4 [3]: 
Viscosity = 1.37*efflux time-(200/efflux time) *0.943      Eq 1.4 
where 1.37 is a constant and 0.943 the density.    
     
The method of efflux time is a measurement according to ASTM D 1200 standard.  
Kinematic viscosity is defined as the ratio of dynamic viscosity to density of a fluid 
(Pa.s / kg.m-3) and its SI unit is m2.s-1. It is normally expressed in centi Stokes (cSt), 
which is 1mm2/s or 10-6 m2s-1. Water has kinematic viscosity of 1 cSt [4]. 
The viscosity and the molecular weight of a polymer are directly related. When the 
molecular weight increases, the viscosity also increases. Individual linear polymer 
chains can move relatively freely as they slide past each other more easily when 
they are shorter than when they are longer. When their length increases, as is the 
case during polymerization, they start to tangle up, increasing the viscosity of the 
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polymer solution. Once the crosslinks start forming the mobility is reduced further 
because the chains do not move as freely since their functional groups have been 
connected to adjacent chains. Ultimately the three-dimensional network formed 
makes it impossible for the chains to move. The addition of a retarder only serves to 
pause the crosslinking for a short while as the retarder continues to consume the 
secondary free radicals. It also temporarily blocks further crosslinking by steric 
hindrance. Once the retarder has been consumed the primary free radicals continue 
the process. Crosslinks between respective chains resume and the viscosity 
continues to increase.   
1.3   OBJECTIVES OF THE CURRENT STUDY 
The study to optimise clearcoat viscosity started in 2011 [29] where the investigation 
focused on whether the crosslinking process could be retarded. It was proven that 
with the use of a retarder, the crosslinking process, once activated, can be “paused” 
as the product is packaged in airtight containers. It would then resume once the 
blend is exposed to the environmental elements like oxygen and heat.  
The aim of the current study is to study the crosslinking process at molecular level 
and to investigate whether the clearcoat blend with a retarder can at least perform 
similarly or outperform the traditional clearcoat blends that have no retarder. The first 
objective is to track the crosslinking process of clearcoat mixture containing eugenol 
and that of traditional clearcoat mixture (without eugenol) over time, using Fourier 
Transform Infrared (FTIR) spectrometry. The second objective is to determine 
performance of the clearcoat blended with retarder. Panels sprayed with the newly 
formulated clearcoat will be tested using ASTM test methods. Because there is no 
singular standard, as the different manufacturers have different specifications for 
their products, the results will be compared to specifications of similar products in the 
market. Traditional clearcoat must be mixed just before use and used within a 
specific time (usually 4 hours) or it will reach the end of pot life and lose its useful 
properties, even if the viscosity is perceived to be low enough. No amount of solvent, 
stirring or shaking will reduce the viscosity again. If one continues to use it past its 
pot life the results will be less than satisfactory, with the coating film blistering and 
ultimately peeling off. The aim of the study is to optimize the formulation containing 
the retarder for viscosity. 
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1.3.1 Research hypotheses 
 
1. The newly-formulated clearcoat mixture with retarder has a longer pot life than 
traditional clearcoat mixture.  
2. The performance of the newly-formulated clearcoat with retarder is the same 
as that of the traditional clearcoat. 
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CHAPTER 2  
VISCOSITY OPTIMIZATION 
 
2.1  INTRODUCTION 
Viscosity is one of the indicators of the end of the clearcoat mixture’s pot life. In the 
auto body care industry viscosity is measured using a Ford Viscosity cup No 4, 
among others. If efflux time exceeds the recommended maximum of 18 seconds as 
the mixture passes through the orifice of the Ford Viscosity cup, this could be an 
indicator that the pot life of the blend has been exceeded and the performance of the 
clearcoat will be negatively affected.  
An objective of this part of the study is to determine the effect of different amounts of 
the retarder, eugenol, on the viscosity of the clearcoat mixture to obtain the best 
blend that maintains the viscosity in the range of 15-18 seconds after 5 hours of 
exposure to the atmosphere. 
 
2.2   EXPERIMENTAL METHODOLOGY 
2.2.1 Materials 
All the materials except the eugenol are manufactured by Kapci Coatings in Egypt 
and then imported by Kapci South Africa. Their trade names are:   
Clearcoat resin - C888 
 Normal Hardener  - K652 
 Thinner  - K600. 
Eugenol was sourced from Sharon Bolel Chemical Marketing in Germiston, 
South Africa.  
The raw materials used in the formulation are summarized in Table 2.1 below, and 
were used as received. 
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Table 2.1 Materials used in the synthesis of clearcoat 
Raw Material Form Source 
Clearcoat Resin C888 
(polyacrylic acid) in n-
butyl acetate and xylene 
solution 
Liquid at room 
temperature  
Kapci Coatings SA 
Hardener K652 
(polyisocyanate) in 
xylene and n-butyl 
acetate solution 
Liquid at room 
temperature  
Kapci Coatings SA 
Thinner (K600) - mixture 
of n-butyl acetate, 2-
butoxethyl acetate and 
xylene  
Liquid at room 
temperature 
Kapci Coatings SA 
Eugenol (4-allyl-2-
methoxyphenol) 
Liquid at room 
temperature 
Sharon Bolel Chemical 
Marketing 
 
A statistical experimental design was used to optimise the viscosity of the clearcoat 
by making up various blends containing different amounts of the clearcoat 
components, namely, eugenol, resin, hardener and thinner. The design is discussed 
below. 
2.2.2 Experimental design 
The variables 
Properties that can take on different values are referred to as variables. Independent 
variables are those that can be manipulated by the experimenter while the 
dependent / response variables cannot be controlled by the experimenter [3]. In the 
current study the effect of the independent variables (clearcoat components), on the 
desired response variable (viscosity) was determined and the values of the 
components required to bring about an optimised viscosity value were predicted by 
means of a statistical model obtained from a mixture design. 
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The Experimental Domain 
In a mixture design the response variable depends on all the components, which in 
turn, should total up to 100% [1]. Each of the components in the blend was varied in 
a certain range constrained to a certain minimum and maximum value as determined 
by usage levels in the industry. These ranges are shown in Table 2.2.   
Table 2.2 Minimum and maximum constraints for the clearcoat mixture 
Component Minimum Maximum 
C888 (resin) 0.1% 55% 
K600 (thinner) 0.1% 30% 
K652 (hardener) 0.1% 27%  
Eugenol (retarder) 0.001% 0.5% 
 
A D-optimal experimental design  
D-optimal design of experiments is a form of design provided by a computer 
algorithm [6]. Due to the limited budget, D-optimal design was preferred to a full 
factorial design because it allows for the best 20 trials to be performed within present 
constraints without doing hundreds of tests only to pick the best results and lose the 
rest. It is a flexible way to generate efficient experimental design and easily 
considers any constraints imposed on the variables [5]. The matrices of this design 
are not orthogonal, and the effects estimates are correlated [6]. The parameters 
cannot be interpreted individually in a mixture. The optimality criterion used in the D-
optimal design is one of maximizing the information matrix X’X, which in turn 
minimizes the generalized variance of the parameter estimates.  
To obtain a measure of repeatability of the experimental results, it is important to 
include duplicates of the runs in the design.  
The mixture design is shown in Table 2.3. 
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Table 2.3  D-optimal design of clearcoat mixture 
Blend Resin  
(%) 
Thinner 
(%) 
Hardener 
(%) 
Retarder 
(%) 
1 42.5 30.0 27 0.500 
2 55.0 17.5 27 0.500 
3 43.0 30.0 27 0.001 
4 52.2 22.2 26 0.126 
5 55.0 19.5 25 0.500 
6 55.0 20.0 25 0.001 
7 43.0 30.0 27 0.001 
8 49.3 24.3 26 0.500 
9 55.0 18.7 26 0.251 
10 50.0 25.0 25 0.001 
11 55.0 17.5 27 0.500 
12 55.0 19.5 25 0.500 
13 48.9 23.9 27 0.251 
14 47.2 27.2 26 0.126 
15 44.7 30.0 25 0.251 
16 45.9 27.2 27 0.375 
17 52.2 20.9 27 0.375 
18 55.0 18.0 27 0.001 
19 55.0 18.0 27 0.001 
20 44.7 30.0 25 0.251 
 
2.2.3 Blending the components 
The percentages of the components for each blend were measured as volumes (ml) 
using measuring cylinders. The resin, thinner and hardener were mixed in a beaker 
and stirred using a glass rod for 60 seconds to form a homogenous mixture. The 
mixtures were then kept at room temperature for 2 hours, exposed to air to allow 
crosslinking to take place. Eugenol was stirred into each blend after 2 hours and the 
mixtures were kept at room temperature, exposed to air up to a total time of 5 hours 
after the first mixing. 4-5 hours is the normal pot life of a clearcoat mixture. 
 
2.2.4 Viscosity measurements 
The BYK-Gardner ISO cup was used to determine the density of each mixture [4]. 
An empty clean, dry cup was weighed on a weighing scale. After being filled with the 
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mixture it was weighed again. The difference between the weight of the full cup and 
that of the empty cup was divided by the cup volume to give density (g/cm3). 
Density (g/cm3) = (Weight of full cup (g) – weight of empty cup (g) / volume of cup 
(cm3)            Eq 2.1 
  
Efflux time for the different mixtures was measured every 15 minutes for 3 hours and 
was found to be similar for all mixtures, so this data was not used in the study. After 
a total of 5 hours the viscosity of each of the blends was determined using a Ford 
Viscosity Cup No 4. The cup was filled to the brim with the mixture. While the orifice 
of the cup was blocked using a finger, a lid was placed on top such that the liquid 
level was neither overflowing nor lower than the brim. As soon as the lid and the 
finger were removed a stop watch was started. The liquid flowed in a smooth fashion 
through the orifice. When that flow broke for the first time the stop watch reading was 
taken as the efflux time. For every blend efflux time (in seconds) was measured and 
recorded. Viscosity was then calculated (in centistoke) from the efflux time by 
applying the formula,  
Viscosity = 1.37*efflux time-(200/efflux time) *0.943     Eq 2.2 
where 1.37 is a constant and 0.943 the average measured density. The density was 
only measured once after initial mixing of the components, before addition of 
eugenol. 
The efflux time that was between 15s and 18s when measured with a Ford cup after 
5 hours was chosen as the ideal and most favourable viscosity.  
 
2.3   RESULTS 
The experimental design for the mixtures with the viscosity results are shown in 
Table 2.4. 
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Table 2.4 D-optimal design with measured efflux times and calculated viscosities 
Blend Resin  
(%) 
Thinner 
(%) 
Hardener 
(%) 
Retarder  
(%) 
Efflux time 
after 5 hrs (s) 
Calculated 
 viscosity(cSt) 
1 42.5 30.0 27 0.500 15 8.0 
2 55.0 17.5 27 0.500 26 28.4 
3 43.0 30.0 27 0.001 17 12.2 
4 52.2 22.2 26 0.126 19 16.1 
5 55.0 19.5 25 0.500 20 18.0 
6 55.0 20.0 25 0.001 24 25.0 
7 43.0 30.0 27 0.001 19 16.1 
8 49.3 24.3 26 0.500 21 19.8 
9 55.0 18.7 26 0.251 26 28.4 
10 50.0 25.0 25 0.001 23 23.3 
11 55.0 17.5 27 0.500 18 14.2 
12 55.0 19.5 25 0.500 22 21.6 
13 48.9 23.9 27 0.251 22 21.6 
14 47.2 27.2 26 0.126 21 19.8 
15 44.7 30.0 25 0.251 20 18.0 
16 45.9 27.2 27 0.375 19 16.1 
17 52.2 20.9 27 0.375 39 48.6 
18 55.0 18.0 27 0.001 43 54.5 
19 55.0 18.0 27 0.001 45 57.5 
20 44.7 30.0 25 0.251 19 16.1 
 
A blend with an efflux time between 15 s and 18 s after 5 hours when measured with 
the Ford cup No 4 at 20°C will be ideal as this viscosity is recommended by 
manufacturers for use by applicators because it gives the best spraying and 
performance. 
2.4   DATA ANALYSIS AND DISCUSSION 
 
2.4.1Regression Analysis  
 
Multiple regression was used to analyse the data. The full proposed regression 
model including interactions between variables is: 
Ŷ=b1X1+b2X2+b3X3+b4X4+b5X1X2+b6X1X3+b7X1X4+b8X2X3+b9X2X4+b10X3X4  
   Eq 2.3 
28 
 
with Ŷ being the predicted viscosity (response variable). bi are estimated values of 
the true coefficients, βi , of each independent variable Xi where X1 is resin, X2 is 
thinner, X3 is hardener and X4 is eugenol.  
The null hypothesis, H, states that the individual components, X1, X2, X3 and X4, do 
not influence the viscosity of the clearcoat mixture, i.e. βi = 0 for i= 1-4.   
The alternative hypothesis, Ha, states that the individual components, X1, X2, X3 and 
X4, have a significant effect on the viscosity of the clearcoat mixture, i.e. β i ≠ 0 for i = 
1 - 4.   
The intercept of the regression model (Eq 2.3) was set at zero, which is the rule 
when analysing mixtures using regression analysis. Stepwise regression was used 
to remove statistically insignificant terms. A term is deemed insignificant if the p-
value associated with its coefficient is higher than 0.05 (5%).  
Upon analysing the data using regression analysis it was found that all components 
as well as some of the components’ interactions could be influencing the viscosity of 
the blends. The p-values of all the insignificant interactions are reflected in Table 2.5.  
 
Table 2.5 Insignificant interactions in the blend 
Insignificant 
variable 
Coefficients Standard 
Error 
T 
Statistic 
P-
value 
Resin-Thinner 
interaction(X1X2) 
-0.499 2.26 -0.22 0.83 
Thinner-Hardener 
interaction(X2X3) 
-0.014 0.06 -0.23 0.82 
 
The insignificant interactions were found to be those between resin (X1) and thinner 
(X2), and between thinner (X2) and hardener (X3) respectively.  
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The final model after all insignificant variables were rejected and removed was  
Ŷ=b1X1+b2X2+b3X3+b4X4+b5X1X3+b6X1X4+b7X2X4+b8X3X4    Eq 2.4  
Where bi for i=1, 2,…, 8 are estimated coefficients of the variables X1 (resin), X2 
(thinner), X3 (hardener) and X4 (retarder) and their interactions. The statistics 
obtained by analysing the data are reflected in Table 2.6. 
 
Table 2.6  Statistics of significant terms for the final model  
Regression Statistics  
R Square 0.995 
Standard Error 2.676 
 
ANOVA 
F Significant F 
292.610911 7.71619E-11 
  
 
 Coefficients t Stat P-value 
Intercept 0 #N/A #N/A 
X1 (%Resin)  -17.21 -7.97 <0.0001 
X2 (%Thinner) 11.94 5.47 0.0002 
X3 (%Hardener)  -37.51 -6.21 <0.0001 
X4 (%Retarder) 14176.83 5.15 0.0003 
X1X3 (Resin-
Hardener) 
1.22 7.50 <0.0001 
X1X4 (Resin-
Retarder) 
-136.84 -4.96 0.0004 
X2X4 (Thinner-
Retarder) 
-130.36 -4.73 0.0006 
X3X4 (Hardener-
Retarder) 
-164.50 -5.90 0.0001 
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The standard error is a measure of unexplained variation [3]. The R2 shows that 
99% of the variation in the viscosity of the clearcoat blend can be explained by the 
model.  
Per the coefficients in Table 2.6 all the components, when they interact with the 
retarder, seem to have a synergistic effect of lowering the viscosity (negative 
coefficients). Of all the interactions that decrease the viscosity of the blend, the 
interaction between hardener and the retarder has the most synergistic effect on the 
viscosity of the blend.  
On the other hand, resin and hardener interact to increase the viscosity of the blend 
(positive coefficient). Their interaction has an antagonistic effect. The retarder alone 
may seem to have an antagonistic effect but none of the variables may be taken out 
of the context of the mixture as they all depend on one another and cannot be 
considered independently of each other. When in a mixture, the variables interact to 
give the desired result, therefore they cannot be interpreted in isolation.  
The insignificant interactions between thinner and resin and thinner and hardener 
respectively confirm that thinner does not have functional groups to crosslink with 
any of the polymer chains and so does not affect viscosity. The antagonistic 
interactions are due to the functional groups from different polymers crosslinking to 
increase the viscosity. In the synergistic interactions, the retarder acts as an 
antioxidant, blocking the functional groups from crosslinking. The viscosity is then 
kept low for longer. The polyisocyanate (hardener) and retarder eugenol have the 
most synergistic effect because the hardener, being an electrophile, readily accepts 
the eugenol’s electron from the allyl compound, resulting in a reduced compound 
with a low viscosity until the eugenol is consumed while conditions are favourable.  
 
2.4.2 Model Validation  
 
The F statistic in the ANOVA (Table 2.6) far exceeds the significant F. The F 
statistic of the mixture lies on the right of the significant F on the F-distribution graph 
which means that the alternative hypothesis must be accepted, i.e. the individual 
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components, X1, X2, X3 and X4, and their interactions do have a significant effect on 
the viscosity of the clearcoat mixture.  
Plotting the standardised residuals vs. predicted viscosity will show whether the 
model is valid and can fit the data or not. Any outliers will also clearly show on the 
graph in figure 2.1.  
 
Testing for outliers 
For the data, the outlier range is +/-2. This means that any standardized residual 
above 2 or below -2 on the residual scale is evidence of an outlier. An outlier is a 
point in the data that is not entirely in line with the rest of the data points, and thus 
can pull the trend line away from where it belongs in the data. It can give an incorrect 
impression that the model fits the data when it doesn’t, and vice versa. It is usually 
an indication of an error and should either be removed from the whole experiment or 
the experiment redone.  
 
 
Figure 2.1  Plot of the distribution of standard residuals around X-axis 
 
Figure 2.1 shows that the model fits the data. Only one outlier was found that was 
above 2. The outlier was not removed because removing it did not help fit the model 
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any better. Furthermore, there was no specific pattern of the residuals around the X 
axis as they are evenly distributed.  
 
2.4.4 The f inal prediction model for the blend  
The final prediction model for the blend is given in eq 2.5. 
Predicted viscosity = -17.21X1+11.94X2-37.51X3+14176X4+1.22X1X3-136.84X1X4-
130.34X2X4-164.5X3X4           Eq 2.5  
Where X1 = resin; X2 = thinner; X3 = hardener and X4 = eugenol.  
The predicted formulation blend for optimum viscosity of clearcoat (efflux t ime of 16 
seconds) is shown in Table 2.7.  
 
 
Table 2.7  Predicted blend formulation for optimum viscosity 
Clearcoat 
(%) 
Thinner 
(%) 
Hardener 
(%) 
Retarder 
(%) 
Desired 
efflux time 
after 5 
hours (s) 
42.5 30 27 0.5 16 
   
Ideally this blend should be put in an airtight container as soon as possible and kept 
away from heat, oxygen and humidity. Once exposed to these the curing will 
resume.  
 
2.5   CONCLUSION 
The formulation has been statistically optimized but must be proven practically. The 
components need to be characterized and the crosslinking studied at molecular level 
to understand the link between the polymer morphology and the crosslinking 
process. The performance of the optimally formulated clearcoat must be tested 
practically. The results of these tests will be presented and discussed in Chapters 3 
and 4. 
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CHAPTER 3  
FTIR CHARACTERIZATION OF THE CLEARCOAT MIXTURE DURING 
CROSSLINKING 
 
3.1 INTRODUCTION   
 
Characterization of the polymers in the clearcoat mixture is necessary in order to 
understand the relationship between the chemical structure, polymer morphology 
and the physical properties of the clearcoat film, since physical and mechanical 
properties are linked to morphology and chemical structure of the polymer. By doing 
spectrometric analysis the above relationship can be understood at molecular level 
and the progress of the crosslinking reaction monitored so that the functioning of the 
retarder can be understood. In this study the FTIR peaks corresponding to N=C=O 
groups of the polyisocyanate (hardener) and O-H groups of the polyacrylic acid 
(resin) will be monitored as they disappear to form the urethane (HN-C=O) crosslinks 
between the two polymers.  
 
3.2 EXPERIMENTAL METHODOLOGY 
 
3.2.1 Raw materials 
 
The raw materials used in the formulation are summarized in Table 2.1 in Chapter 2, 
and were used as received.  
 
3.2.2 Method 1: Monitoring the first 4 hours of the reaction  
 
Preparation of the clearcoat mixtures 
Specific volumes of resin, hardener, thinner and eugenol were measured in 
measuring cylinders, per the optimised formula that was obtained in Chapter 2, and 
reflected in Table 3.1 below. Similarly, a second mixture with the same composition 
but which did not contain eugenol, was prepared. This was used as a control. The 
components of each mixture, measured as volume percent, were mixed in a glass 
beaker and stirred with a glass rod for one minute.   
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Table 3.1  Predicted formulation for optimum viscosity 
Clearcoat 
(%) 
Thinner 
(%) 
Hardener 
(%) 
Retarder 
(%) 
Desired 
efflux time 
after 4 
hours (s) 
42.5 30 27 0.5 16 
 
 
FTIR spectral analysis 
A Bruker FTIR spectrometer (Bruker Alpha FTIR with a Platinum ATR sampling 
module) was used in absorbance mode to monitor the emergence and 
disappearance of functional groups during the first 4 hours of the crosslinking 
process. Initial FTIR scans were performed on resin, hardener, eugenol and thinner 
before they were mixed, then FTIR scans were done on the mixtures immediately 
upon mixing before the crosslinking took place, while the emergence of NH-C=O and 
disappearance of N=C=O and OH groups were monitored at 15 minute intervals 
after initial mixing.  
 
3.2.3 Method 2: Monitoring the reaction from 3 – 24 hours after mixing 
 
To further investigate the changes in the clearcoat mixture after the first four hours 
(which corresponds to the pot life), FTIR spectrometry was repeated on two fresh 
clearcoat mixtures with the same composition as in Table 3.1, of which one was the 
control which did not contain eugenol. To make sure that all the contents were 
transferred into the beaker, the clearcoat components were measured using 
graduated syringes. After stirring each mixture for one minute, they were left in a 
fume cupboard at room temperature for the duration of the analysis, exposed to the 
air to allow the crosslinking to take place. The first FTIR scan was performed at the 
end of three hours after which the mixtures were scanned every fifteen minutes, 
using a Perkin Elmer Spectrum 100 spectrometer in transmittance mode. The 
transmittance values were converted to absorbance values [10] using equation 3.1.  
A = 2 – log10 %T     Eq 3.1 
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After 6 hours, eugenol was added to the control mixture to investigate its effect and 
compare with the mixture that had eugenol from the onset. FTIR spectrometry was 
done on this sample (labelled “control after late addition of eugenol”) every 30 
minutes for two hours. Refer to Figure 3.13 which shows how absorbance of different 
functional groups changed respectively an hour and two hours after eugenol was 
added.  After the crosslinking was allowed to continue on the same sample for 24 
hours, an FTIR transmittance scan of the final hardened sample was done. 
 
3.3 RESULTS AND DISCUSSION 
 
3.3.1 Polyacrylic Acid (resin C888) 
 
C888 clearcoat resin is a solution of polyacrylic acid in xylene and n-butyl acetate. 
Polyacrylic acid is a water-absorbing high molecular weight polyol polymer with a 
molecular formula (C3H4O2) n.  Figure 3.1 shows a simplified structure of polyacrylic 
acid. It has a molecular weight between 12 000 - 100 000 g / mol. It is also referred 
to as a polyelectrolyte as each of its repeat units has an ionisable carboxylic acid 
group. 
 
Figure 3.1  Structure of polyacrylic acid repeat unit 
 
The negative charges of the ionisable groups which cover the whole polymer chain 
cause the chain to untangle due to charge repulsion. The stretched-out chain 
occupies more space in solution and causes it to be viscous.  
When ionised, the COO- can donate an extra electron to the isocyanate group of the 
polyisocyanate, which is an electrophile, ultimately forming a urethane bond during 
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crosslinking. Once this urethane bond is formed, the water absorbency is lost and 
the resulting polymer is resistant to saponification and other processes. 
Figure 3.2 shows the FTIR spectrum of C888 resin. The FTIR scan was done on the 
sample as received (i.e. in n-butyl acetate solvent). 
 
Figure 3.2  FTIR spectrum of polyacrylic acid in n-butyl acetate and xylene 
 
The band at 1735 cm-1represents the carbonyl group (C=O) of the polymer and the 
band at 1240 cm-1 is a C-O stretch. The stretch at 2960 cm-1 is indicative of an OH 
group [5]. It is expected that the OH band will be reduced after the crosslinking 
process as it reacts with the electrophilic N=C=O groups on the polyisocyanate. The 
C=O band should still exist as it forms part of the urethane bond.    
 
3.3.2  Polyisocyanate (Hardener K652) 
 
The K652 hardener is an aliphatic polyisocyanate dissolved in a mixture of xylene 
and n-butyl acetate obtained by modification of diisocyanate [1]. It is often used as a 
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crosslinking agent for coatings. It is very reactive with a wide range of compounds 
including itself. It can react with almost any compound that contains an active 
hydrogen. The expected resonance structures [2] of the isocyanate group are: 
R-N=C=O   R-N- - C+- O   R – N = C+ - O-       Eq 3.2 
     
The isocyanate group is highly reactive due to its cumulative double bond [6]. This 
and the fact that there is little steric hindrance in the linear polymer chain, means that 
its reactivity is not diminished. Thus, polyisocyanate is usually added to the polyol 
just before use.  
Polyurethanes are prepared by polyaddition reaction of a polyisocyanate and polyol, 
which does not eliminate any by-product [9]. The hydrogen atom from the hydroxyl 
group migrates to the nitrogen atom of the isocyanate group [2], thus changing the 
double bond to a single bond. The ionised oxygen then forms a bond with the carbon 
atom of the isocyanate group. The urethane bond thus formed is stable to hydrolysis 
and saponification.  Figure 3.3 shows the formation of the urethane linkage [11]. 
 
Figure 3.3  Polyurethane formation 
 
Figure 3.4 shows the FTIR spectrum of K652 hardener. The FTIR scan was done on 
the sample as received (i.e. in n-butyl acetate and xylene solvent). The N=C=O 
group is visible at 2259 cm-1 of the FTIR spectrum. It is clearly one of the dominant 
peaks in the FTIR spectrum of this polymer with an absorbance of 20%. The C=C 
bonds (1686 cm-1) are evidence of the presence of xylene in the solvent of the about 
40% absorbance.  
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Figure 3.4  FTIR spectrum of polyisocyanate in n-butyl acetate and xylene 
 
3.3.3  Eugenol 
 
The chemical structure of eugenol is shown in Figure 3.5. Figure 3.6 shows a three-
dimensional structure of eugenol and how steric hindrance prevents the methoxy 
group on the aromatic C-2 from readily reacting.  
 
 
Figure 3.5  Chemical structure of eugenol 
40 
 
 
Figure 3.6  3D structure of eugenol 
 
A retarder such as eugenol acts as a chain transfer agent to reduce the rate of 
crosslinking. Eugenol donates an electron to the secondary radical produced upon 
auto-oxidation as the heat gets absorbed by the polymer chain. The site that is more 
likely to gain the electron from the eugenol is the isocyanate group because it is 
highly electrophilic. The eugenol is thus left in a higher oxidation state than 
previously, with the oxygen atom having an unpaired electron and is now a radical. 
The eugenol radical is stabilized by resonance (see Figure 3.7 below), therefore it 
can form stable radicals, which are not highly reactive. It blocks the crosslinking site, 
delaying the curing process because of steric hindrance it brings to the 
polyisocyanate and polyol molecules. It must be added to the mixture after 
crosslinking has started (refer to Figure 1.1 in Chapter 1) because it acts on the 
secondary radicals by donating an electron to reduce the radicals formed, leaving 
the primary radicals available to continue the process of crosslinking after the 
retarder has been consumed. Attacking the primary radicals will completely kill / 
inhibit the crosslinking.  
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Figure 3.7  Resonance structures of eugenol radical [12] 
 
Figure 3.8 shows the FTIR spectrum of eugenol. The strongest absorbance band in 
the eugenol FTIR spectrum is at 1510 cm-1, which represents aromatic C=C bonds, 
confirmed by the characteristically weaker absorption aromatic peaks slightly above 
3000 cm -1 [5]. A hydrogen-bonded, stretch OH group is also visible at 3200-3600 
cm-1.  In the fingerprint area, the strong absorption bands at 1264 and1203 cm-1 
indicate a very strong presence of single C-O bonds. 
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Figure 3.8  FTIR spectrum of eugenol 
   
3.3.4  Thinner (mixture of n-butyl acetate and xylene) 
 
The solvents used in the clearcoat formulation are n-butyl acetate and xylene. Figure 
3.9 shows the FTIR spectrum of the thinner (solvent mixture).   
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Figure 3.9  FTIR spectrum of the thinner (n-butyl acetate and xylene) 
  
The solvent mixture shows strong absorption at 1237 cm -1 (which could be C-O 
stretch) and 1736 cm -1 (C=O stretch). C=C bonds of the xylene can be seen at 1454 
cm-1 and the band from 2876-2961 cm-1 indicates strong C-H bonds, which may be 
indicative of low intensity alkyl groups [5]. 
 
3.3.5  FTIR analysis of the mixtures   
 
Method 1. 
The FTIR spectra of the raw materials, were shown in Figures 3.2, 3.4, 3.8 and 3.9. 
During the first four hours (Method 1), which is the pot life of the mixture, there was 
no difference in the intensity of functional groups in the clearcoat mixture containing 
eugenol and those of the control as expected. Refer to Figure 3.10 for the spectra of 
the sample and the control at time zero and 4 hours. The spectra are plotted on the 
same axes for easy comparison.   
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Figure 3.10 Spectra of the eugenol mixture and control at time zero and 4 hours 
(pot life) (Method 1) 
The major absorbance bands observed in Method 1 are summarised in Table 3.2 
below. The absorbance values of the eugenol mixture and control were identical 
showing that no crosslinking took place in either the control or the one with the 
eugenol because the time interval of 4 hours was within pot life. 
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Table 3.2  Observed absorbance of functional groups during pot life (Method 1) 
of both eugenol mixture and control 
Functional 
Group 
Wave 
Number 
(cm -1) 
Initial 
Absorbance - 
both 
mixtures (%) 
Eugenol 
mixture 
absorbance 
after 4 hrs 
(%) 
Control 
absorbance 
after 4 hrs 
(%) 
Description  
N=C=O 2270 0.05 0.05 0.05 The 
isocyanate 
group in 
polyisocyanate 
OH 2960 0.07 0.07 0.07 The hydroxyl 
in polyacrylic 
acid 
C=C 1400-
1600 
0.04 0.04 0.04 Aromatic 
carbon of   2-
methoxy-4-(2-
propenyl) 
phenol 
C=O 1735 0.33 0.33 0.33 C=O in the 
polyacrylic 
acid and in the 
urethane 
carbon 
C-O 
stretch 
1240 0.41 0.41 0.41 In the urethane 
carbon 
 
As seen in Figure 3.10, during the first four hours (Method 1) there is no difference in 
the intensity of functional groups of the blend containing eugenol and the one without 
(control) and there is also no difference at 4 hours after mixing. This is in line with 
literature and paragraph 1.2.4 in chapter 1 as this is the pot life, the period before 
crosslinking starts. It can also be seen in graph 1.1, chapter 1 where there is a lag 
phase where viscosity remained low before it increased gradually over time.  
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Figure 3.11  FTIR spectrum of uncrosslinked control mixture at time zero just after mixing (Method 2) 
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Figure 3.12  FTIR spectrum of crosslinked control mixture after 24 hrs (eugenol added after 6 hours) (Method 2) 
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The spectra reflecting the crosslinking process in the eugenol-containing clearcoat mixture as well as the control at 4 hours, 7 hours 
and 8 hours after mixing of the ingredients (Method 2) are shown in Figures 3.13 and 3.14, respectively. In the control eugenol was 
added 6 hours after the initial mixing, and its effect was recorded an hour afterwards.  
 
Figure 3.13  Comparison of the absorbance of clearcoat mixture containing eugenol after 4, 7 and 8 hours respectively (Method 2) 
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Figure 3.14  Comparison of the absorbance of control after 4, 7 and 8 hours respectively (Method 2) Eugenol was added to the 
control after 6 hours. 
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The FTIR peaks to observe are NCO, NH and OH. C=O and C=C vibrations are also 
important to confirm the reaction. The presence of the free NCO group of the 
polyisocyanate is shown in Figure 3.11, represented by the NCO peak at 2263 cm -1 
and free OH group peak is at 3526 cm -1. 24 hours later, after the crosslinking 
process is complete, there is a notable increase in the % transmittance of the NCO 
group, which has dramatically gone from 74% in the liquid to 98% in the solidified 
crosslinked sample in Figure 3.12. The OH absorbance changes from 92% in the 
liquid to 96% in the solid crosslinked sample. The increase in % transmittance in 
each case means that the two groups, in their free forms, are reduced in the 
crosslinked sample. The band at 1730 cm -1 represents the carbonyl group (C=O) of 
the polyacrylic acid. During the urethane bond formation, no ester groups are being 
formed, which may account for the limited reduction of the OH group compared to 
the NCO group [7]. The bands between 2800 and 3000 cm -1 are due to CH 
stretching of the CH2 and CH3 groups [8].    
The bands between 1140 cm-1 and 1246 cm-1 represent the C-O stretching 
deformation (note the dominant one at 1239 cm-1). The band at 1036 cm -1 
represents hydrogen bonds.  
 
For the spectra of the control at 3 hours (uncrosslinked) and at 24 hours (fully 
crosslinked), after eugenol had been added at 6 hours refer to Figures 3.11 and 
3.12. respectively. (Method 2) 
For Method 2 the % transmittance values were converted to absorbance values 
using equation 3.1 and recorded in Tables 3.3 and 3.4. The corresponding spectra 
are reflected in Figures 3.13 and 3.14 respectively.  
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Table 3.3  Observed % absorbance values of eugenol mixture (Method 2) 
Functional 
Group 
Wave 
Number 
(cm-1) 
% 
absorbance 
at 4 h 
% 
absorbance 
at 7h  
% 
absorbance 
at 8h  
OH stretch 2874 0.2256 0.2209 0.2355 
N=C=O 2264.32 0.3282 0.3097 0.3442 
C=O 1691.02 0.8933 0.7902 0.9730 
N-H 3600 0.0282 0.0271 0.0295 
C-H bend 1455.99 0.7344 0.6774 0.7854 
C-H rock 1368.4 0.5571 0.5517 0.5780 
N=C 1700 0.5778 0.5200 0.6241 
C=C 1500 0.1376 0.1337 0.1473 
 
 
    
Table 3.4  Observed % absorbance values of the control (Method 2) 
Functional 
Group 
Wave Number 
(cm-1) 
% absorbance 
at 4 h 
% absorbance 
at 7h  
% absorbance at 
8h (with eugenol 
added) 
OH stretch 2874 0.2194 0.2224 0.1928 
N=C=O 2264.32 0.2852 0.3097 0.2649 
C=O 1691.02 0.7258 0.8515 0.7472 
N-H 3600 0.0294 0.0270 0.0217 
C-H bend 1455.99 0.6403 0.7076 0.6219 
C-H rock 1368.4 0.5446 0.5522 0.4775 
N=C 1700 0.4854 0.5565 0.4892 
C=C 1500 0.1241 0.1294 0.1130 
 
In the eugenol mixture in Method 2 the absorbance of N=C=O (wavenumber 2264) 
remained relatively stable over the 8-hour period. The same applies to the C=O bond 
(wavenumber 1691) which is part of the urethane bond while the OH showed a slight 
increase. Generally, all the groups in the eugenol mixture show a steady increase in 
absorbance over time after a slight dip. 
In the control, all the groups except N-H show an increase in absorbance over time. 
When eugenol is added however they invariably show a decrease in absorbance. An 
example is the C=O, after a notable increase from 0.7258 to 0.8515 in 3 hours, its 
absorbance dramatically reduced to 0.7472 after the addition of eugenol. The 
52 
 
gradual increase of C=O could be an indication of the formation of the urethane 
bond. 
4 hours after mixing (Method 2) the mixture containing eugenol shows stronger 
intensities of NCO and OH respectively, than the control does. This could be an 
indication that these functional groups are disappearing faster in the control than in 
the eugenol mixture indicating evidence of the crosslinking process. Eugenol acts as 
a reducing agent by its allyl group sharing an electron with the electrophilic C=O from 
the isocyanate thereby rendering it unavailable to crosslink with the corresponding 
COO-  functional group of the adjacent polyacrylic acid chain for as long as the allyl 
group is stabilised by resonance. 
7 hours after mixing, the two mixtures show similar intensities of the functional 
groups. The eugenol mixture seems to have caught up with the control in the 
crosslinking process. Both OH and NCO are reduced and yet there is no observed 
increase in the NH vibration (unlike in the hardened sample of control).  8 hours after 
mixing however, the % absorbance of the functional groups is invariably reduced 
after eugenol is added into the control.   
  
 
3.4 CONCLUSION 
 
Addition of eugenol into the clearcoat mixture reduces the rate of crosslinking. Even 
though the functional groups become available again when eugenol is added much 
later (at 6 hours), it is preferable to add it earlier on so that the mixture can later 
resume the crosslinking process as it is due to this process that the clearcoat can 
cure to a hard protective shell over the paint. 
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CHAPTER 4  
CLEARCOAT PERFORMANCE TESTS 
 
4.1 INTRODUCTION 
To determine whether the clearcoat optimised in Chapter 2 (known from now on as 
Carlor Clear) could perform per international standards of other clearcoat 
formulations, Carlor Clear was sprayed onto primed steel panels which had been 
painted with basecoat, and allowed to dry for 18 hours. 
Preparation of test panels  
Four mild steel test panels (200mm x 150mm) were supplied by Scenematic One 
Sheet Metals (PTY) LTD in Randburg and are shown in Figure 4.1 
All metals except gold are known to have an oxide film on their surfaces [8]. If the 
volume of the oxide formed is smaller than the metal reacted, the oxide film is porous 
and less protective than if it were larger than the metal reacted. If the volume is 
larger, metal cations migrate from the surface, leaving vacancies that aggregate to 
form cavities, which can have a negative effect on adhesion. Thus, metals benefit 
from being treated with an adhesion promoter e.g. with etch primer, to increase 
chances of bonding.  
In a spray booth, three of the four steel panels (one was left bare) were spray 
painted with etch primer using a spray gun with a 1.8mm nozzle and a pressure of 3 
bars. Equal amounts of Kapci base 670 and K600 thinner were mixed to give a 
basecoat with a viscosity of 17 seconds’ efflux time when measured using a Ford 4 
cup at 20°C. The basecoat was spray painted onto two of the primed panels, using a 
spray gun with a 1.3mm nozzle and 2 bar pressure. A second coat was applied after 
5 minutes’ flash-off time. One primed panel was not sprayed with basecoat. The 
basecoat was allowed to dry for 24 hours at room temperature. Two primed panels 
(one with basecoat and one without) were then transported to the laboratory for the 
clearcoat application. In the laboratory, newly formulated Carlor Clear was applied 
on these panels using a spray gun with a 1.3mm nozzle and 3 bars of pressure. 
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They were then left to dry overnight at room temperature. The four panels were 
labelled thus:  
No primer, bare metal - BM  
Primer and clearcoat – PC 
Primer, basecoat and clearcoat – PBC 
Primer and basecoat - PB 
 
 
Figure 4.1  Test panels (from top left to bottom right: BM, PC, PBC and PB 
respectively) 
 
The panels were subjected to various tests (including gloss, adhesion and film 
thickness) per ASTM methods to confirm performance properties of the formulation. 
The observed results were compared to standards of manufacturers of similar 
products. 
The parameters tested are discussed in the following sub-sections. 
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4.1 ADHESION 
 
Adhesion occurs when one material penetrates and fills the pores of another material 
thus interlocking the two. Per ASTM D3359, it is the state in which two surfaces are 
held together by interfacial forces which may consist of valence forces or interlocking 
action or both [8]. Atoms of the two materials can share electrons forming covalent 
bonds or hydrogen bonds. The chemical bonding can only be effective up to a 
distance of 1x10 -9 m [1]. Van der Waals forces can also result in adhesion as the 
molecules are attracted to one another by their slight positive and negative charges 
respectively. This type of adhesion is referred to as physisorption or dispersive 
adhesion [2].  
For adhesion of a liquid coating onto a solid substrate to occur the contact angle 
between the wetting liquid and the solid surface must be as small as possible. This 
angle is where a liquid interface meets the solid. If the angle is bigger than 90 the 
liquid cannot wet the surface, conversely when it is smaller than 90 there is good 
wetting of the surface as shown in Figure 4.2. 
 
 
Figure 4.2  Schematic of a drop [9] 
 
The steel surface used in the adhesion test is ideal because it is f lat and smooth. 
Upon being sprayed on the surface, a drop of clearcoat assumes a range of angles 
ranging from “advancing” to “receding” contact angles (A and R respectively) until it 
reaches equilibrium. Equilibrium contact angle ( equilibrium) is given by   
cos θ equilibrium = 0.5 cos θA+0.5 cos θR      Eq 4.1 
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where A is the advancing contact angle, R is the receding contact angle [14].  Refer 
to Figure 4.3 for the advancing and receding angles. 
 
Figure 4.3  Schematic of (a) receding and (b) advancing contact angles [10] 
 
At the solid / liquid interface the surface energy of the solid must be higher than that 
of the liquid if wetting is to occur. Steel has a high surface energy (55-70 mJ/m2) due 
to the bonds between its molecules which take a lot of energy to break. 
 Complete wetting occurs when YSG exceeds the sum of YSL + YLG. 
YSG   YSL + YLG         Eq 4.2 
where YSG is interfacial energy at the solid/gas interface, YSL is that of solid / liquid 
interface and YLG is that at the liquid / gas interface.  
Hard surfaces held together by covalent or metallic bonds tend to be difficult to be 
wetted by the liquid due to the high-energy input required to break the covalent or 
metallic bonds. An example is a ceramic plate and the steel metal surface. 
Conversely, softer surfaces are held together by weaker van der Waals, which 
require less energy input from the liquid to break and penetrate. An example of these 
is hydrocarbons [14]. If adhesion of the coating is poor, the film will eventually 
delaminate off the surface thus exposing the substrate to environmental and other 
damage. Even after the liquid clearcoat has bonded with, and formed a thin film over 
the metal surface the two phases can still be separated. To separate the two 
requires work of adhesion, Wa. The maximum force required to effect the work of 
adhesion is the ideal adhesive strength, and is expresses as  
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σ2 = [16/9(3)12] (Wa/Z0)      Eq 4.3 
where Z0 is the equilibrium separation between the two phases and is usually about 
5Å [8]. A typical value for Wa of polymers is 50 ergs/cm2. A theoretical value of σ2, 
which is never attained, is thus 15 000 psi [8]. Per PaintSquare, leaders in protective 
coatings, the minimum adhesive strength for paint is 1000 psi or 689.5 N/cm2 [16].    
Two appropriate test methods for adhesion are the ASTM D3359 – Standard Method 
for Measuring Adhesion by Tape Test (cross hatch adhesion test) and the Hoffman 
Scratch tester. 
 
4.1.1 Cross Hatch Adhesion Test  
 
The ASTM D3359 method is designed to assess the adhesion of coating films to 
substrates by applying and removing pressure-sensitive adhesive tape over cuts 
made in the film. It is an empirical procedure that is used to assess whether the 
product passes or fails [17]. If the film is not detached it passes the test. 
 A cross-hatch cutter with multiple blades is used to ensure that the incisions are 
equally spaced and parallel. After adhesive tape has been applied and pulled off the 
cut area, the test panel is inspected and rated according to the percentage of the 
squares remaining on the test panel. 
Equipment 
 BYK universal tester (refer to Figure 4.4) 
 A cross-cut tool with 6 blades (similar to the one in Figure 4.5 ) 
 Pressure sensitive adhesive tape 
 Test panel sprayed with primer and clearcoat (PC)  
 Test panel sprayed with primer, basecoat and clearcoat (PBC). 
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Figure 4.4  BYK Universal tester (courtesy of BYK-Gardner) 
 
Figure 4.5  A cross cut tool and example of the lattice pattern 
 
Adhesion tests were carried out on a panel with primer and clearcoat (PC), and 
panel with primer, basecoat and clearcoat (PBC). 
Procedure 
The cross-cut tool was used to form a lattice pattern of 25 squares as shown in 
Figure 4.5 and 4.6 by cutting through the paint and clearcoat film to the metal. 
Adhesive tape used for the test was a 50 mm packaging tape and was applied by 
hand and ripped off by quickly pulling it off as close to 180° angle as possible. Figure 
4.6 shows the cross-cut pattern before the application of adhesive tape.  
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Figure 4.6  Cross cut marks on the PBC panel 
 
Results and discussion 
The two panels after the adhesive tape had been removed are shown in Figures 4.7 
and 4.8 and the test results are reflected in Table 4.1 below.  
Table 4.1  Cross cut test observations 
   
Tool No 5 PC PBC 
ISO Class: 1 5 
ASTM Class  4B 0B 
No of detached 
squares 
1 >16  
Description 1 small flake at 
intersection 
Many squares 
were removed  
Total area affected 
(%) 
5 >65 
 
The panel with primer and clearcoat (PC) had one square detach after the tape was 
removed while the panel with primer, basecoat and clearcoat (PBC) had 65% of the 
squares peeling off. When viewed under the microscope, it was apparent that 
delamination occurred at the interface between the basecoat and the primer. Per the 
International Organisation for Standards (ISO) [17], this test is used to classify the 
degree of adhesion and verify if the film passes or fails. If no paint is removed the 
film passes the test.  
 
61 
 
 
 
 
Figure 4.7  PC panel after tape was removed 
 
Figure 4.8  PBC panel after removal of tape 
 
Conclusion 
1. The clearcoat adhered to the primer perfectly 
2. Because both the clearcoat (which adhered perfectly to the primer film) and 
the basecoat were removed by the adhesive tape, but not the primer, it is 
inferred that the bond between the basecoat and primer interface was weak 
and so negatively affected the clearcoat adhesion to the surface. 
62 
 
 
4.1.2 Hoffman Scratch Test 
 
Abrasion is caused by mechanical actions like scraping, erosion from the wind, car 
wash brushes and water, among others. Generally, it can be classified as wearing 
and marring. Mar refers to deformations that do not rupture the surface, while 
wearing involves removal of some of the film from the surface [18]. Both affect the 
gloss and overall quality of the film in the long run.  
 
Equipment 
 Hoffman Scratch Hardness Tester PE 1610 (shown in Figure 4.9) 
 Byko Universal Instrument (Figure 4.4) 
 Test panel sprayed with primer and clearcoat (PC)  
 Test panel sprayed with primer, basecoat and clearcoat (PBC). 
 
 
Figure 4.9  Hoffman scratch hardness tester 
 
Procedure 
A series of scratches next to one another was made on each panel by pushing it 
under the stylus over a distance of 75mm in 12 seconds. The stylus was then raised 
and the panel moved to provide a new testing area. The weight of the load was 
increased before the next scratch was made, until the scratch mark became visible 
under low magnification. The width and character of the scratches was compared 
under low power magnification using the microscope in the Byko Universal 
Instrument. The minimum mass required to make the first visible mark on each of the 
panels was recorded. It was used to calculate the force using the following formula 
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F=ma           Eq 4.4 
Where F is the force, m is mass and a, the acceleration (9.8 m. s-2). The ratio of 
force to mar was recorded on the table alongside the observations. 
Results and discussion 
Table 4.2 below show the results of the Hoffman Scratch Test for each panel.  
Table 4.2  Scratch hardness test results  
Weight 
(g) 
Force 
(N) 
PC 
(mm2) 
PBC 
(mm2) 
Mar on 
PC (cm2) 
Mar on 
PBC 
(cm2) 
Force to 
mar ratio 
on PC 
(N.cm2) 
Force to 
mar ratio 
PBC 
(N.cm2) 
        
75 735 - 0.80 - 0.08  9187.50 
250 2450 - 1.20 - 0.12  20416.70 
300 2940 - 1.20 - 0.12  24500.00 
350 3430 1.70 1.80 0.17 0.18 20176.50 19055.60 
500 4900 1.50 2.40 0.15 0.24 32666.70 20416.70 
1000 9800 1.80 2.50 0.18 0.25 54444.40 39200.00 
2000 19600 3.40 2.00 0.34 0.20 57647.10 98000.00 
 
The lowest force to make a mark on the PC and PBC panel was 3430 N and 735 N 
respectively. More force was required to remove the paint film from the PC panel 
than from the PBC panel, which has a lower ratio of force to mar than the PC panel. 
Clearcoat did not separate from any of the preceding layers beneath it.   
Conclusion 
The PC panel seemed to show stronger adhesion than the PBC panel with basecoat 
in between primer and clearcoat. The same amount of force removed less amount of 
paint from the PC than from the PBC. This correlates with the cross-cut adhesion 
test where the panel with basecoat showed weaker adhesion than the one with no 
basecoat. Clearcoat did not separate from any of the films beneath it, and the 
adhesion of clearcoat was strong even when the basecoat seemed to adhere weakly 
to the primer beneath it. 
All the panels were above the specification of 1000 psi (684 N/cm2). Thus, the 
clearcoat did meet the acceptable specification. 
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4.2 COHESION 
 
Flexibility is the ability of a material to be bent or flexed without cracking [15]. The 
clearcoat must be able to withstand strain without breaking or rapturing. Flexibility is 
a function of cohesion. Cohesion can be described as the attraction of intermolecular 
forces between like molecules. London dispersion forces increase as the total 
number of electrons and surface area of molecules increase. They are the reason 
that polymers can exist as solids even though they are non-polar and have no 
dipole-dipole attractions. Often referred to as macromolecules [4], polymers have 
very high molecular weight and surface area because they are formed of long chains 
of monomers linked together. This allows for many points of contact and 
entanglement between the polymer chains, increasing the tensile strength of the 
polymer. Since electrostatic forces increase in strength with increasing molecule 
size, they can be used to shape agglomerates of polymers into permanent shapes 
[4]. This tensile strength is a desirable characteristic of clearcoat, which must form a 
permanent shell over the basecoat without splitting or cracking. The clearcoat 
macromolecules have to stick together even around curved surfaces and edges so 
that the substrate is completely surrounded and sealed against the environmental 
conditions for a lifetime.   
Good cohesion is a result of hydrogen bonding between adjacent chains of 
polymers, aided by the varying electron distribution throughout the individual 
molecules and crosslinking. The molecules can therefore not slide past one another 
freely as they are tangled and “stuck” to the adjacent molecule by strong hydrogen 
bonds and covalent crosslinks. Flexibility of the clearcoat film is a function of 
cohesion as it is the capability to be bent or twisted without breaking whether or not it 
returns to its former shape. Thus, even after some shrinkage due to temperature 
changes or service condition, the clearcoat film must remain intact. Good cohesion 
tends to give good elongation and so an appropriate test for it is the conical mandrel 
bending test. 
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Flexibility Test 
Equipment 
 A Conical Mandrel Bending Tester PF 5750 (shown in Figure 4.10) 
 Test panel sprayed with primer, basecoat and clearcoat (PBC). 
 
The elongation/flexibility test was done per ASTM D 522 test standard. The 200 mm 
long conical mandrel has a radius ranging from 3.2 mm on its narrow end to 38 mm 
on its widest, which gives a wide range of bending angle sizes. The panel to be 
tested was slipped into the bender and clamped in place before the bending lever 
was moved without stopping, to bend the panel within 15 seconds. The point at 
which the film would start cracking was monitored. The panel was then examined 
with the unaided eye for any cracks or detached film. The expected elongation for 
clearcoat is 150% elongation [19], as compared to other clearcoat for similar 
applications. % elongation is calculated using the equation 
% elongation = [(final length - initial length) / initial length] * 100.  Eq 4.5 
 
 
Figure 4.10  Conical mandrel bending tester 
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Observations 
The initial panel length was 150 mm but after bending it increased to 153 mm due to 
the stretching. No cracking or detaching was observed throughout the length of the 
PBC panel as seen in Figure 4.11. The minimum elongation observed was  
% elongation = [(153mm – 150mm) / 1mm] * 100 
  = 300% 
 
Figure 4.11  PBC panel after flexibility test 
 
Conclusion 
The film did not crack even at the narrowest point of the conical mandrel. It exhibited 
strong cohesion. It can thus be said that the clearcoat has passed the test as it did 
not crack at any point. The minimum elongation observed was greater than that of a 
competing product on the market. This means that Carlor Clear (which contains 
eugenol) does meet the specification of and can compete with similar products such 
as Nanoclear clearcoat. 
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4.3 GLOSS 
 
The perception of a mirror-like appearance of a surface by an observer is referred to 
as specular gloss [5]. Because perception cannot be quantified, only incident light 
that is reflected may be measured. When light falls onto a surface it gets reflected in 
the opposite direction to the incident light, can be absorbed by the surface or 
scattered in several directions. When a surface is smooth, the light gets reflected in a 
uniform direction and the incident angle is equal to the angle at which it is reflected, 
this is specular reflection. When light falls onto a rough surface it scatters in different 
directions and the angle of reflection is not equal to the angle of incidence on the 
surface, this is referred to as diffuse reflection. When it gets reflected in several 
directions it results in a diffuse haze while a mirror is a result of it being reflected off 
the surface in the direction opposite to that of the incident light. This is illustrated in 
Figure 4.12. 
 
(a) (b)  
Figure 4.12  Diffuse reflection (a) vs specular (b) reflection [12] 
 
Specular gloss is the perceived brightness or brilliance and is defined as the ratio of 
the light reflected from a surface at an equal but opposite angle to the light that falls 
on the surface (incident). Sheen on the other hand is defined as the gloss at low 
grazing angles [6]. To perceive it one must look at the sample at an angle between 
30 and 0. It is desirable that the reflection on the surface of the vehicle is sharp, 
giving the car a “wet look” or “showroom” appearance for longer. This sharpness of 
image is a function of specularly reflected light and is referred to as gloss level 7 in 
the car refinish industry [11]. Because it is the desired gloss level in the automotive 
industry it is important for the surface to be as smooth as possible as any roughness 
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will scatter the light in many directions resulting in an undesirable milky appearance. 
A rough surface is prone to abrasion and thus cannot fully protect the underlying 
surface successfully.  
Gloss test 
Equipment 
 Byko Tri-Gloss Meter 4446 (Figure 4.13) 
 Uncoated metal test panel (BM) 
 Test panel sprayed with primer and clearcoat (PC)  
 Test panel sprayed with primer and basecoat (PB) 
 Test panel sprayed with primer, basecoat and clearcoat (PBC). 
 
 
Figure 4.13  Byko Tri-Gloss meter (courtesy of BYK-Gardner) 
 
Procedure 
The Byko Tri-Gloss Meter was used to take gloss measurements, at 60° angle of 
geometry, randomly on the test panels. The meter is placed on the surface for 5 
seconds as it scans the surface. It shows the average gloss reading, measured in 
Gloss Units (GU), on the small screen when finished.  
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Results and discussion 
The results of the gloss measurements of all the panels are shown in Table 4.3 
below. 
Table 4.3  Replicate gloss measurements 
 
 BM 
(GU) 
 PC 
(GU) 
PB 
(GU) 
PBC 
(GU) 
 72.5 96.9 21.4 89.0 
 69.7 91.5 21.1 91.2 
 65.0 91.2 21.0 95.8 
 72.9 78.7 20.3 85.9 
 52.6 96.7 20.7 91.7 
mean 66.5 91.0 20.9 90.7 
St Dev 8.4 7.4 0.4 3.7 
 
Per the international standard, gloss level 7 is the standard for clear coat coated 
surfaces. When measured at 60° angle of geometry, (which is the standard 
procedure) gloss level 7 corresponds to >85 units [11]. On bare metal (BM) and on 
the panel with primer and basecoat (PB) and no clearcoat, the average observed 
gloss for bare metal and PB panel was 66.5 and 20.9 units respectively, far below 
the standard. The panels that did have clearcoat film (PC and PBC) had an average 
gloss of 91 and 90.7 respectively. 
Conclusion 
Carlor Clear gloss is within international standard of gloss level 7, which is the 
desired mirror finish for automotive surfaces. 
 
4.4 FILM THICKNESS 
 
Dry film thickness is the thickness of a multi-layer coating and is measured above 
the substrate [7]. It is critical in the coatings industry as it informs about the quality of 
the finished product as well as the life expectancy of the substrate. The coating must 
cover the substrate while providing proper adhesion for subsequent layers. If the 
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basecoat does not satisfy the standard requirement, or is scanty, there may not be 
enough hydrogen bonds formed for proper adhesion when the clearcoat is sprayed 
on. Even if the top layer adheres, that may be short-lived, only to form blisters and 
separate later. Film thickness must adhere to manufacturer’s standards. The 
specification for the Kapci coatings clearcoat used in the formulation of Carlor Clear 
is 50-60 microns [13]. 
The adsorption of polymer leads to the formation of an adsorption layer with different 
properties from those of the polymer bulk. The structure of the polymer also plays a 
role in the total thickness of the film. If it is branched the film becomes soft and 
flexible while linear polymers generally are rigid.  
Film thickness test 
Equipment 
 Byko-test 8500 thickness meter (Figure 4.14) 
 Uncoated metal test panel (BM) 
 Test panel sprayed with primer and clearcoat (PC)  
 Test panel sprayed with primer and basecoat (PB) 
 Test panel sprayed with primer, basecoat and clearcoat (PBC). 
 
 
Figure 4.14  BYKO-TEST film thickness meter 
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Procedure 
The film thickness was taken randomly throughout each surface by placing the Byko-
test 8500 on the surface for 5 seconds. The readings are recorded in Table 4.4. 
Results 
Table 4.4 shows the average thickness of the films on each of the four panels tested. 
Film thickness recommended by the manufacturer of Kapci C888 that was used to 
make Carlor Clear is 50-60 microns [13]. 
Table 4.4  Replicate film thickness on different panels 
 
 Bare metal 
(BM) 
Primer & Carlor Clear 
(PC) 
Primer& 
Basecoat (PB) 
Primer, 
Basecoat  
& Clear (PBC) 
Table 1. Film 
Thickness (µm) 
6.1 64.2 44.0 59.7 
 2.0 54.9 37.6 64.3 
BYKO TEST 8500 4.4 60.3 32.3 47.5 
 6.3 55.5 36.5 54.0 
 4.8 63.3 38.8 52.3 
mean 4.7 59.6 37.8 55.6 
St Dev 1.7 4.3 4.2 6.5 
 
The results were analysed using Anova Single Factor between groups. Per the P 
value (<0.001) shown in Table 4.5 it seemed that there was a significant difference 
between the film thicknesses between each of the different test panels (i.e. 
BM≠PC≠PB≠PBC).  
 
Table 4.5  Results of ANOVA single factor test on film thickness 
 
To verify which of the films were significantly different t-tests (t-Test: Two-Sample 
Assuming Equal Variances) were performed to compare the films, two at a time. The 
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 9379.66 3 3126.555 152.0032 5.73E-12 3.238872
Within Groups 329.104 16 20.569
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results showed that only the means of PC and PBC were not significantly different (P 
value = 0.27), while the rest had P values< 0.001. This means that even with the 
extra basecoat layer, the PBC film was not significantly different from the rest of the 
panels. Per the means graph in graph 4.1, only the bare metal is significantly 
different from the other films, whose means do not seem to be different at all.  
 
 
 
Graph 4.1  Means graph comparing film thickness 
 
Conclusion 
Film thickness on PC and PBC seems to comply with the specification set by the 
manufacturer.  
 
4.5  STRENGTH OF COATING 
 
Buchholz Indentation Test 
To test how strong a shield the clearcoat is and how much impact it can resist before 
being dented, the Buchholz Indentation Test was performed per the DIN 53153 
standard method. 
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Equipment 
 Byko Universal Instrument (Figure 4.4) 
 Test panel sprayed with primer and clearcoat (PC)  
 Test panel sprayed with primer and basecoat (PB) 
 Test panel sprayed with primer, basecoat and clearcoat (PBC). 
 
Procedure 
After the indentation tool (No 6) was mounted onto the Byko Universal instrument 
head, the weight piece with a weight of 147.29 g was mounted on top of the 
instrument and the whole tool was rested on the coated surface for 30 seconds. After 
it was removed, the surface was examined using the built-in microscope of the 
universal instrument. The size of the mark made by the indentation tool was 
determined by counting the number of units it covered as viewed under the built-in 
microscope of the Byko universal instrument.  
Results  
The results of the indentation test are shown in Table 4.6. 
 
Table 4.6  Results of Buchholz indentation test 
 Primer & 
Carlor Clear, 
PC 
Primer & 
Basecoat, 
PB  
Primer, 
Basecoat 
& Clear, 
PBC  
Length of indentation 
(mm) 
1.00 0.85 1.00 
Indentation depth, aB 
(µm) 
2 1.7 2 
Buchholz Indentation 
Resistance 
100 118 100 
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Observations and discussion 
The test was only performed on PC, PB, and PBC panels only and not on the bare 
metal. For similar products, the impact strength or indentation resistance 
specification should be ≥ 140, per ASTM D2794 [19]. 
The indentation observed on the PC panel was similar to the one observed on the 
PBC panel at 1 mm. The length of the indentation on the PB panel was shorter, at 
0.85 mm. The observed indentation length was converted into Indentation 
Resistance by using equation 4.6 below. 
Indentation Resistance Buchholz = 100mm / Indentation Length (mm) Eq 4.6 
 
Conclusion 
Per the above results the panel without the clearcoat seems to be more resistant to 
dents than the panels with clearcoat. All the panels did not compare favourably with 
similar product as the impact resistance was below the 140 specified for similar 
clearcoat films. 
 
4.6 OVERALL CONCLUSIONS 
Carlor Clear complied with specifications of products for similar applications. Its 
cohesion, flexibility, gloss and film thickness were within acceptable specifications of 
similar products. The adhesion was excellent on primer except on basecoat where 
there was delamination. It is important for it to adhere to basecoat as it is intended to 
protect basecoat from wear and marring. The impact resistance of Carlor Clear did 
not comply with specifications of similar products in the market. More work needs to 
be done in these two areas to make sure Carlor Clear can protect the painted 
surface as well as other products in the market. 
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CHAPTER 5 
 
5.1  CONCLUSIONS 
The main aims of this study, viz, to study the crosslinking process at molecular level, 
to optimise the formulation containing the retarder for viscosity and to investigate the 
performance of the optimized clearcoat blend, Carlor Clear, compared to traditional 
clearcoat blends, were achieved. In a preliminary study, it was proven that including 
a retarder in the formulation would reduce the rate of crosslinking, allowing the 
clearcoat to remain at optimum viscosity for longer than usual. A small amount of 
eugenol was included in the Carlor Clear formulation and the formulation was 
optimised for the ideal viscosity. To investigate if Carlor Clear gave the desired 
performance per industry standards, it was sprayed onto various primed test panels 
with and without basecoat. The panels were put through standard tests according to 
ASTM test methods. Where the objective was to produce a formulation that 
maintained its viscosity for longer than traditional formulations, the objective was 
achieved. It was shown that Carlor Clear could perform well according to some but 
not all clearcoat specifications. 
The first objective of this study was addressed in Chapters 2 and 3. The research 
hypothesis was that: 
The newly formulated clearcoat mixture has a longer pot life than 
traditional clearcoat mixture.  
Several formulations with different amounts of eugenol were blended to find the 
formulation that gives the ideal viscosity as recommended by manufacturers of spray 
paints. The optimum formulation was found to give and maintain the best viscosity 
after four hours of exposure to the air.  
The optimum formulation was characterized using FTIR to follow the crosslinking 
process at molecular level over time. The results were compared to a control 
(formulation with no eugenol).  
During the first four hours after initial blending of the raw materials there was no 
difference in the FTIR spectra of the eugenol blend and the control. After four hours, 
there was an indication that functional groups were disappearing faster in the control 
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than in the blend with eugenol indicating that the crosslinking process had been 
slowed down by the presence of eugenol. The control had gone past its Pot Life of 4 
hours, while the pot life of Carlor Clear was extended. 
  
The second objective was addressed in Chapter 4. The research hypothesis stated 
that: 
The performance of the newly-formulated clearcoat with retarder is the 
same as that of the traditional clearcoat   
To study whether Carlor Clear could perform per the specifications of other clear 
coat formulations, Carlor Clear was sprayed onto primed steel panels that had been 
primed and painted with basecoat, and allowed to dry for 18 hours. The panels were 
subjected to tests per ASTM methods. The observed results were compared to 
specifications set out by different manufacturers. Carlor Clear compared favourably 
in all the tests except the indentation and adhesion tests. Even though Carlor Clear 
maintained optimum viscosity for an extended time, it was proven to have poor 
performance according to some manufacturers’ specifications. These areas need 
some more work to be done to improve the formulation. 
The optimization of the Carlor Clear formulation was done using a d-optimal 
experimental design. The formulation that was considered optimum was the one that 
had 42.5% C888 resin, 30% K600 thinner, 27% K652 hardener and 0.5% eugenol. 
This formulation has a predicted efflux time of 16 seconds after 5 hours. 
 
5.2  RECOMMENDATIONS 
The performance tests were conducted on small panels within the first 24 hours of 
the Carlor Clear blend being sprayed onto panels. The blend used had just been 
mixed and was within an hour of its Pot Life.  
o It is recommended that a follow-up study be conducted on the same 
panels after the film has been dry for a longer period and has been 
exposed to environmental elements. This will determine Carlor Clear’s 
performance in real life situations of vehicles. 
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o Tests can be done on panels that have been sprayed with Carlor Clear 
that has been standing for a minimum of four hours to determine the 
performance of the blend after traditional pot life.  
o Tests can be done on vehicles or larger surfaces as opposed to small 
panels in the laboratory.  
The observations from the above are to be compared to the manufacturers’ 
specifications to determine compliance. 
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1. EXECUTIVE SUMMARY 
 
Carlor Coatings is a manufacturing wing of Osiba Automotive cc, which in turn is a 
distributor of automotive paint to panel beaters and spray painters. Osiba Automotive 
cc is 100% black owned and has a broad client base of customers. Carlor Coatings 
is the producer of Carlor Clear, an automotive clearcoat that has all the components 
already mixed but, unlike traditional products, keeps optimum viscosity. 
The marketing plan consists of sales promotion, personal selling and advertising. In 
addition to the panel beaters and spray painters who are already Osiba Automotive 
customers, the target market includes car hire companies, DIY enthusiasts, and 
short term insurance companies, among others. Social media has become a 
powerful tool for increasing brand awareness and sales with minimum expense. Both 
traditional media like magazines, radio, and television will be used as well as the 
internet to create awareness about Carlor Clear. We will take advantage of the fact 
that the owner of Osiba Automotive writes articles in business magazines and get 
him to write about this new product at no cost to the company. Carlor Clear can be 
profiled alongside his articles, thus we will get free publicity in the magazines. We 
want people to be aware that anyone can do a professional job first time, every time. 
This message will be consistent even as we change campaigns after a few months, 
until Carlor Clear is a household name. 
Because of the seasonality of the product, we will add other products in our offering 
so that business goes on even during the dry months. 
We will operate in facilities rented by Osiba Automotive as a sub tenant. The rent we 
will pay is a business expense, meaning that we can claim the VAT we pay back 
while we are not responsible for maintenance. The manufacturing equipment is fully 
automatic so that we don’t expose the finished product to excessive oxygen because 
it is so sensitive. The equipment is available from the United Kingdom and so we 
must import it. The fact that the production line is automatic means we don’t have to 
spend excessive time and expenses in training. All our staff will undergo training to 
be able to run the plant, in case it becomes necessary. 
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We qualify for most of the government funding because of our BEE status. Instead of 
applying for bank loans we will exhaust our options as we can also get a grant from 
government because Carlor Clear is a green product. The projections also show that 
we can have a positive cash flow in the first year. The salary bill will be split between 
Osiba and Carlor Coatings on a pro rata basis.  
The SWOT and PESTEL analyses have been addressed and Carlor Coatings is in a 
relatively good position because of the relationship with Osiba Automotive, which 
cushions it from most of the PEST factors.    
 
2. INTRODUCTION - SITUATION ANALYSIS 
 
Osiba Automotive cc is a registered close corporation owned by Mr. and Mrs. 
Bukula, which retails automotive paint and accessories for the spray painters and 
panel beaters. Carlor Coatings is a manufacturing wing of Osiba Automotive that 
was established to address the need for more affordable, locally manufactured paint. 
It seeks to address the needs of colour matchers, professional panel beaters and 
spray painters and of DIY enthusiasts. 
Carlor Coatings offer the following services to car refinishers  
 Paint toners and accessories for their own use 
 Colour-matching service to the panel-beaters’ specifications 
 Ready-mixed Clearcoat with optimum viscosity 
 
Mrs. Bukula will be based full-time at the business, working with the management 
team and the workers. She will, however, not draw a salary from Carlor Coatings but 
from Osiba Automotive cc. The organogram is reflected on Figure I of the section on 
management plan. The management structure is designed such that as many people 
can have access to the member and be answerable to her without unnecessary red 
tape. There are seven employees, including one production worker. The general 
manager, Mr Ross Milushev, oversees all four departments and reports to the 
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member. There is one permanent worker on the factory floor, who reports to the 
production department head, Mr Gopal. The production manager is responsible for 
the production staff and the smooth running of all production. He is to see to it that 
raw materials and stock are always available. He monitors the production floor for 
any need of casual workers. He is also responsible for the working conditions of the 
whole production area, which must be conducive for both the workers and the 
finished product as it is temperature-sensitive. The bookkeeper, Maria is responsible 
for accounts in the finance department. She, like the administrator, Ntombi and the 
freelance sales specialist, reports to the general manager. 
 
   Product Offering 
 
Carlor Clear is a blend of all the components of automotive clearcoat in one 
container. The difference between it and the traditional blend is that the traditional 
blend will harden and become unusable after five hours of mixing, having exceeded 
its Pot Life. If used after this, the paint film may blister a few weeks down the line and 
eventually peel off, forcing the job to be redone doubling the cost of a single paint 
job. Carlor Clear keeps its viscosity optimum for as long as it is not exposed to the 
air, allowing the spray painter enough time to do a thorough job. Once exposed to 
the correct conditions, Carlor Clear resumes the curing process at a slower rate than 
the traditional blend until a hard shell is formed over the painted surface, just as is 
the case with traditional clearcoat. This is its unique selling proposition (USP). The 
formula for Carlor Clear is a Trade Secret of the company. Every person who works 
at the company should sign a confidentiality agreement, agreeing never to divulge 
the formula to anyone. If they do, they face litigation. We do not have a Patent 
presently. 
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3. MARKETING PLAN 
 
Promotion 
 
For the consumer to be aware of the existence of a product, the product must be 
introduced to them through marketing. Sales promotion consists of marketing 
activities that stimulate consumer purchasing and dealer effectiveness [1]. This 
definition excludes personal selling and advertising. The desired result of promotion 
is an immediate stimulation of demand of the product or service being promoted. In 
addition to stimulating interest, the brand awareness and eventually, market share is 
increased.  
 
Advertising 
 
By definition, an advertising campaign has to be a whole series of related 
advertisements focusing on a common theme. There is a specific slogan and theme 
for every product and the campaign runs for a specific period so that the results can 
be measured. The Carlor Clear slogan is “Do it right first time, every time”. This 
means that the user will not have to redo a job as a result of using expired clearcoat 
blend. 
 
Target market  
 
The target market for Carlor Clear comprises the panel beaters, short term insurance 
companies, car dealerships and DIY enthusiasts in South Africa. There is, among 
others, an association of panel beaters called South African Motor Body Repairer 
Association (SAMBRA). They in turn are affiliated to the Retail Motor Industry (RMI), 
which is head-quartered in Randburg and covers the whole motor industry 
association.  
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The short-term insurance companies are a huge market as they get to choose what 
paint is to be used onto the cars they insure. The choice is based on quality, 
durability and impact on the environment. We will try get their buy in so Carlor Clear 
will be approved for use on all insured vehicles that go through contracted panel 
beaters. This constitutes about 50% of the market share already. 
Even if the panel beater does not have a contract with any insurance they would still 
benefit from using Carlor Clear by saving time and reducing waste. 
Individual customers include DIY enthusiasts who want to make touch-ups or 
remove minor scratches from their vehicles. These include collectors of antique cars 
and young vehicle owners who want to keep their vehicles in tip top condition. 
  
Carlor Clear is also applicable to surfaces in the home on bar counter tops or any 
surfaces that require protection from scratches or that need a deep shine like sealing 
wooden floors. 
 
Media  
 
One way of launching a new product in South Africa is by exhibiting at a trade show. 
Promotional “give-aways” are also very popular. An editorial and/or advertisement in 
a specialized trade publication will also enhance awareness of our product [5].  
 
The RMI has a magazine publication that goes out to members and public every 
month, updating them about the industry. This is an excellent way of reaching the 
target market. It goes directly to the motor industry practitioners, reducing the cost 
per potential customer than would be the case with other media. Market selectivity is 
high and is likely to bear results. One of our primary aims is to increase brand 
loyalty, which, according to Eastern Province Herald research can be achieved by 
including print in the advertising mix [2]. At a local level, a two-color A5 sized 
brochure can be inserted into the local newspaper for R5000 per month into the free 
Randburg Sun newspaper. It reaches about 60 000 readers [9]. The local post office 
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charges 10 cents for each brochure to be put into mail boxes. While this has a 
potential of reaching 4000 people per post office [10], few are likely to be our target 
market. 
The second medium to be used is television infomercials. Television reaches a 
diverse audience. It also has creative opportunities for product demonstration, which 
is what we would like to show to the audience. Infomercials will help potential 
customers see the difference between traditional clearcoat and Carlor Clear. The 
savings in time and wastage will be demonstrable, so will the good results Carlor 
Clear offers. 
The World Wide Web is a direct way of communication between companies and 
prospective customers regardless of distance and time [1]. The audience can place 
orders and give feedback on the product online. We have a Facebook page and a 
Twitter account where consumers and customers say what they think about our 
product without fear of intimidation. This gives us an indication as to which direction 
to go in terms of research and development. “Social dashboard” is one of the many 
apps that can be downloaded to enable SMEs to do business on social networks. 
Google, in conjunction with Vodacom and the department of trade and industry 
(DTI), have developed an interface where small business owners can develop 
websites free of charge. 
Brightly branded billboards in the 10km radius from the outlets will also be used to 
create awareness and direct traffic to us. Students in brightly branded attire will be 
placed at busy intersections at peak hour in the 10km radius from our outlets. They 
will hand out brochures and branded coffee mugs to drivers. This creates awareness 
and directs traffic to our outlets. Word of mouth is also powerful and we plan to make 
use of it. This becomes our incentive to train our staff to handle customers 
professionally so they can return and refer prospective customers.   
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The Message 
 
The appeals of our advertising campaign will be  
 the profit the consumer will make as Carlor Clear saves them money because 
they purchase a single item instead of three, 
 the savings from not buying mixing equipment and cleaning chemicals, 
 quality and savings associated with a longer pot life, 
 the time saving and convenience as the customers don’t have to mix the 
blend themselves, and environmental consideration. Fewer resources are 
wasted per job than with traditional clearcoat. Thus, Carlor Clear is a green 
product.  
 
The effectiveness of the advertising campaign can be determined by the awareness 
created and by the amount of sales generated in the first year of Carlor Clear 
existence. This is the desired response.    
   
Period of campaign 
 
Carlor Clear was named the Runner Up in the Step Up competition in 2013. We will 
capitalize on this fact as we try to make Carlor Clear a household name. The first 
campaign will go for a period of six months before it is changed. The period will be 
enough to build product association and strong perception without it being too 
monotonous. After this period, we will evaluate and embark on another campaign to 
keep the momentum.  
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Sales promotion 
 
Sales promotion is an important tool in stimulating immediate increase in demand. It 
is a situation when a short-term incentive motivates consumers to buy [1]. It differs 
from advertising which offers a reason to buy because it offers incentives to buy. Its 
results are easier to measure and it is cheaper than advertising. Consumer sales 
promotion, targeted at the consumer will be our aim as they are the ones who 
experience the product’s advantages. Customers who buy Carlor Clear will be 
offered discount coupons printed on the packaging itself. They will get it at a reduced 
price at the point of sale when they redeem the coupon on a subsequent sale. This is 
a good way of encouraging trial and repurchase of the product.  
 
Publicity 
 
It is through the public relations function that a company can evaluate attitudes of the 
public. Publicity is the public information about the company and its products as it 
appears in the media and / or news. We will make a big story about Carlor Clear by 
inviting media to our launch. We will offer free interviews to publications like the 
RMI’s Automobil. The publication will make its money from other sources like 
advertising. We can also offer to write articles on the local newspaper and we get a 
mention at the bottom of the article. We were approached by one of our customers to 
sponsor his racing car’s scratch repair in exchange of him putting Carlor Clear 
stickers on his vehicle. We have taken him up on his offer and put Carlor Clear 
stickers onto racing cars of his and more of our current customers. The stickers have 
our logo, product name and our telephone number. We will write media releases to 
generate conversations about Carlor Clear. Another way of exposure is wearing 
branded t-shirts and caps to the events, whether interviews or promotions. We will 
continue giving away the coffee mugs as they are a good reminder and can make 
Carlor Clear a household name. 
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Our vehicles must be perfectly clean and free of scratches always. People will then 
associate the Carlor Clear brand with good-looking vehicles and so want theirs to 
look like ours, which will lead them to buy Carlor Clear. 
 To deal with negative publicity we will make sure that our public image e.g. recycling 
and general service is handled responsibly. Because negative publicity cannot be 
avoided completely, we will set up a public relations desk that will deal with all the 
publicity and without whom no one else will make comments to the outside world 
about anything in the company. Unpleasant incidents will be dealt with speedily and 
efficiently by this team. An example will be the power to call back all defective stock 
and issue an apology as soon as we realize that anything went wrong. This is to 
make sure that our customers always have usable clearcoat at any time.  
 
Personal Selling 
 
In personal selling a presentation is made to a prospective customer by a seller. It is 
a form of direct communication between a sales representative and one or more 
prospective buyers in an attempt to guide them to a purchase situation [1]. This will 
build a lasting bond between us and our customers, which could directly translate to 
loyalty. The other campaigns will create the necessary awareness of Carlor Clear 
and so we will need to demonstrate its use because it is “conservative art”, not 
everyone can use it. Personal selling provides a detailed demonstration of the 
product, which is important as Carlor Clear is new in the market. Unlike other forms 
of marketing communication, personal selling is directed to qualified prospects and 
avoids “wastage” associated with unrelated audience. We will keep our sales 
representatives to a minimum, starting with one and increasing the number by 
another one as needed, thus keeping our expenses as low as possible for as long as 
necessary. 
We will gather information via surveys, sales reports, Facebook and other means 
(See “Media” above). We also talk to our over-the-counter customers as they 
purchase, to hear their point of view so we can act on any genuine arising needs.  
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The World Wide Web  
 
Intensive promotion in the beginning will create market awareness. We will continue 
with more cautious and serious promotion over a long period to keep our market 
share. Digital advertising is fast gaining popularity in the advertising industry. 
Potential customers can be reached on cell phones via short messaging service 
(SMS), the internet, e.g. through Google ads (as previously mentioned) and by 
personalized email. This way the prospective customer is reached directly and can 
keep the supplier details for future reference. This comes at a relatively low cost 
compared to traditional advertising.       
 
Plans for Diversification 
 
The Carlor Clear brand has a potential to have a long life-cycle. We will innovate on 
it and use the same infrastructure to extend the growth curve as far as poss ible 
before it reaches maturity and ultimately decline. 
 By innovating on the packaging, we will add more features like “now in an 
easy to hold container”. We would therefore package it in a narrower but 
taller can without changing the capacity of the can.  
 We could put a colour indicator in the formula to warn when the Pot Life is 
nearing an end so that the contents can be used quickly before expiry.  
 Another new “for household use” Carlor Clear could be marketed to the 
household users to give e.g. counter-tops scratch-free mirror finish. 
 Yet another could be used for sealing wooden floors too so that housewives 
do not have to polish their floors while it still maintains that “just polished” 
finish.  
 Another exciting innovation could be to develop scratch-resistant clearcoat 
that will continue sealing scratches long after application without feeling tacky.  
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 A matting additive can be added to give the trendy “matt finish” that is taking 
the market by storm right now. This gives cars a velvety look and is presently 
popular with black and other dark-coloured cars. 
These are the strategies that could prolong the life cycle of Carlor Clear, reducing 
the risk by spreading it over the whole range rather than one product. The trick is to 
appeal to different markets to satisfy their needs. 
Clearcoat is generally a seasonal product, with sales peaking in summer when the 
rainfall rises and accidents are more prevalent on the road. It is then crucial that we 
build a portfolio of products to counter the winter slump. Being in the motor industry, 
it will help to sell car batteries to our customers. This is true because batteries 
incidentally die in winter as Carlor Clear demand dies. We could also offer a service 
where we service the panel beaters’ compressors and apparatus at reduced fees 
during the winter slump when they are not busy. We might get to meet prospective 
Carlor Clear customers who don’t know about our existence through our winter 
service and battery sales and vice versa and the profit might remain relatively 
constant or increase.  
The aim is to get a high relative market share and high market growth rate – the 
Rising Star status. If we achieve the Cash Cow status, which is where we have a 
high relative market share and low growth rate, we will concentrate on maintaining 
the cutting-edge prices. The worst place to be is the “dog” status where the relative 
market share is low and the market growth rate is low. If we ever reach that stage, 
we probably would just let the business go and try something new.  
 
4. PRODUCTION PLAN 
Facilities 
 
Refer to Table IV for capital investment. The building is rented so it will not appear 
under fixed assets.  
Table VI shows the monthly costs for the first year. In the first year of operation we 
will not produce to our maximum capacity daily. We will respond to the need as the 
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product sells. Refer to Table VI, for production budget. We will use casual labour as 
and when needed, paying the workers a daily rate rather than a monthly salary. The 
number of cans produced is limited by the equipment with the lowest capacity and 
the demand. Per Table V the mixing machine can only produce 534 units per cycle 
even with a packaging machine that handles 720 000 cans per cycle. Initially we plan 
to manufacture such that the opening stock for each quarter is exceeded by 25% so 
we don’t run out. This data is derived from the sales forecast in Table III. Casual 
labour will be used a lot in the first year as we will not produce frequently. Labour 
costs are therefore separate from the salary bill as they fluctuate from month to 
month. Materials will also be purchased once every quarter of the first year. 
The production line starts at the mixer where the components are mixed at controlled 
temperature and humidity conditions – the blend goes through for nozzle filling – 
nozzle valve putting machine – crimping machine – 1-nozzle gas pressuring machine 
– water bath leakage machine – inkjet printing machine – small cap putting machine 
– big cap pressing machine – packing table. This is a highly automated system and 
so does not require intensive labour training. Our labour costs will be minimal as we 
are already paying a lot for the machine. 
 
The machinery will be sourced from R+R Midlands Industrial, United Kingdom. 
Rotary can provide a turnkey service – they supply, install and test the product to 
ensure suitability of the product to packaging. 150 cans can be filled in one minute 
(model GGS2417). This gives us 9 000 litres per hour. We will choose a fully 
pneumatic controlled system. Per the manufacturer; this option is easily installed to 
existing production facilities too. The limiting area in the production line is the mixer 
at 400 litres per hour. Because of that we can only produce 534 450ml cans or 400 
1-liter cans per cycle. 
The production line must be fitted with air conditioning and humidifier. This is of 
utmost importance as the clearcoat viscosity is directly affected by temperature and 
humidity.  
Cellkraft is a supplier of high quality humidifiers. Their F-series works based on 
precision injection of steam. This compact, maintenance-free unit, once fitted, can 
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provide high pressure and temperature. It also has an automatic operation so as 
soon as is it set, there will be no need to keep adjusting it.   
Fluke thermometer (model 971) can measure both humidity and temperature. This 
will help us monitor the independent variables so we identify any changes in time 
before they have a negative effect on the production line.  Once canned, the paint 
will be transported by a conveyer belt to the wrapping section and thereafter fork 
lifted to the shelf in the warehouse. 
In the event of power failure or load shedding, we will be equipped with a 2.2kW 
diesel-powered generator from SDMO. It will kick in the moment there is a power 
failure to avoid loses in the production line.  
 
5. FINANCIAL PLAN 
 
Projected Turnover and Break-even Point 
The turnover projections can be viewed in Table I to Table III. The best-case 
scenario calculation was based on actual Osiba Automotive sales. 40% are Osiba’s 
clearcoat sales and 60% is shared between coloured paint and accessories. Out of 
an estimated total of 700 customers in Randburg, who spend R12 million per month 
this translates to R5 million if all clearcoat sales were all Carlor Clear sales.  
The worst-case scenario, based on sales per square metre, clearcoat sales are 
estimated at R88 000 per month. If Carlor Clear were to get 5% of the total clearcoat 
sales in Randburg that would be estimated at R29 654 per month. After the initial 6 
months, we are confident that we can get 15% of the clearcoat sales, which is 
R88 962 per month. If we realise these targets, per the worst-case scenario, the 
turnover for the first year of operation will be R711 696. 
The middle ground will be R2 525 867, an average of the two scenarios.  
If all goes per this plan, we would break even when we sell 3 697 units and the total 
sales of Carlor Clear are at R1 438 036.33. Per Table II this will take us two years to 
reach. We will thus operate at a loss for two years before we break even. This 
means we will need to recapitalise the business by injecting more money from Osiba 
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and other grants e.g. government agency grants. The Department of Science and 
Technology has partnered with European counterpart to form ESASTAP, a 
collaboration to fund innovation research between the two countries. The €80 billion 
fund runs from 2014 – 2020 and aims to strengthen technology research and 
cooperation between the two countries by funding innovation research [16]. We 
would like to tap into this fund by applying for a grant, as we believe that Carlor Clear 
is a green product and has great potential. Bank loans will be our last resort because 
we do not want to start paying back in the first few years before the business has a 
positive cash flow. 
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Table I Market segmentation and best case scenario of Carlor Clear sales 
SALES BUDGET        
SEGMENT OF 
CUSTOMERS 
Estimated no 
of customers 
Specific 
demand 
Where they 
currently buy 
Sales 
(%) 
Gross 
monthly 
sales (R )  
Total 
monthly 
sales ( R) 
Clearcoat 
only sales 
Estimated total in 
Randburg 
700       
Individual car 
owners 
7 Perfectly 
mixed 
paint. Ease 
of use. 
Aerosol 
can. 
N/A 1% R 1000 R 7 000 R 2 800 
Panel beaters 588 Can mix 
their own. 
No need for 
aerosol as 
they use 
spray guns. 
Competitor 84% R 15 000 R 8 820 
000 
R 3528 
000 
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Owners of 
antiques 
14 High 
quality, 
good finish 
paint. 
Osiba 
Automotive 
2% R 500 R 7 000 R 2 800 
Retailers 70 Bulk 
quantities. 
Rebated 
prices. 
Our supplier-
East Rand 
10% R 50 000 R 3 500 
000 
R 1400 
000 
Sign writers 7 Durable 
paint, 
specific 
colour 
codes 
regularly. 
Competitor 1% R 30 000 R 210 000 R 84 000 
Car hire 
companies 
14 Convenien
ce. Good 
touch-up 
paint. Fast 
drying. 
Competitor 2% R 800 R 11 200 R 4 480 
Total turnover 700   100%  R12 555 
200 
R 5 022 
080 
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Table II Worst Case Scenario 
AREA 
(m2) 
MONTHLY 
SALES / 
m2 
PROJECTE
D 
MONTHLY 
SALES  
CARLOR 
CLEAR 
SALES  
PROJECTED 
ANNUAL 
SALES 
CLEARCOA
T ONLY 
SALES / YR 
CLEARCOAT 
ONLY SALES 
/ MONTH 
  
100 R 14 
827.00 
R 1 482 
700.00 
R 74 
135.00 
R 889 620.00 R 355 
848.00 
R 29 654.00 R 177 
924 
First 6 
months 
100 R 14 
827.00 
R 1 482 
700.00 
R222 
405.00 
R 2 668 
860.00 
R 1 067 
544.00 
R 88 962.00 R 533 
772 
Second 
half 
   
  
  
  
  
R 118 616.00 R711 
696 
Total 
year 
one 
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Table III  12 months’ sales forecast for Carlor Coatings 
 Mar-5 Apr-15 May-5 Jun-15 Jul-15 Aug-5 Sep-5 Oct-15 Nov-
15 
Dec-
15 
Jan-16 Feb-16 Annual 
Totals 
Carlor 
clear 
litres sold 
5 8 11 17 20 23 30 40 50 40 40 50 334 
Sale price 
/ litre (R) 
250.00 250.00 250.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00  
Carlor 
Clear 
total (R) 
1 250 2 000 2 750 6 800 8 000 9 200 12 000 16 000 20 000 16 000 16 000 20 000 130 000 
              
Car 
Batteries 
units sold 
2 5 5 12 17 15 12 8 6 5 9 19 115 
Average 
Sale price 
per 
battery 
(R) 
550.00 550.00 550.00 550.00 550.00 550.00 550.00 550.00 550.00 550.00 550.00 550.00  
Battery 
total (R) 
1 100 2 750 2 750 6 600 9 350 8 250 6 600 4 400 3 300 2 750 4 950 10 450 63 250 
             R193250.00 
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Table IV Capital Investment  
 
MACHINERY / 
EQUIPMENT 
PURCHASE 
AMOUNT 
SPECIFICATIONS PURPOSE 
500-litre cylindrical 
mixer 
R 86 617.20 Cylindrical 
stainless steel 
sheet, variable 
gear speed stirrer. 
Mixing raw 
materials. 
Thermometer x2 R 1 560.65 Fluke 971 model. 
Measures 
temperature and 
humidity. 
Measure 
temperature 
and humidity 
throughout the 
mixing and 
canning 
process. 
Ford Viscosity Cup 
x2 
R 840.00  Measure 
viscosity after 
mixing and at 
point of 
canning. 
Canning machine R 686 000.00 GGS2417, 150 
cans per hour. CE 
Certified low 
maintenance 
Rotary.  
Canning the 
finished 
product, 
sealing it 
completely. 
Conveyer belt R 12 000.00 Goodyear 3ply 
polyester wire. 
Moves canned 
product to the 
packaging   
Forklift R 45 000.00   Moving boxed 
goods to the 
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warehouse  
Used Truck R 160 000.00 Toyota 1 tonner Delivers goods 
to the 
customers and 
outlets and 
fetches from 
suppliers when 
necessary. 
Humidifier R 10 000.00 Cellkraft F-series. Maintain 
optimal 
humidity in 
production 
space. 
Diesel-powered 
generator 
R 5 800.00 2.2kW compressor 
220V - 200Lt/min 
Provide 
standby power 
in case of 
power failure. 
 
The total cost of the machinery is R 1 007 817.85 
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Table V  Production capacity 
 
     
MACHINERY 
AND 
EQUIPMENT 
THAT AFFECT 
CAPACITY 
MAX 
PRODUCTION 
CAPACITY / hr 
PRODUCTION 
CAPACITY AT 
80% 
CAPACITY 
UTILISATION 
(Litres) 
   
         
Mixing machine 500 litres 400 534 Cans 
per 
cycle 
Canning 
machine 
540000 432000 720000 Cans 
per 
cycle 
Vehicle 1000 kg 800 kg    
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Table VI  Monthly costs during year 1 
  MONTH   
Costs (R)  1 2 3 4 5 6 7 8 9 10 11 12 YEAR TOTAL (R) 
Raw material  19 813     18 885     29 487       43 601   111 786 
Telephone 350 200 200 200 200 200 200 200 200 200 200 200 2 550 
Printing & 
stationery 
500 65   165 399 252 242 231 221 211 201 190 2 676 
Labour 5 000 3 000 3 000 5 000 3 000 3 000 5 000 3 000 3 000 3 000 5 000 3 000 44 000 
Subtotal 
variable costs 
20 662 265 200 19 250 599 452 29 99 431 421 411 44 002 390 161 012 
Rent 5 000 5 000 5 000 5 000 5 000 5 000 5 000 5 000 5 000 5 000 5 000 5 000 60 000 
Administration 
/ marketing 
5 000 5 000 5 000 5 000 5 000 5 000 5 000 5 000 5 000 5 000 5 000 5 000 60 000 
Utilities 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 24 000 
Salaries 33 750 33 750 33 750 33 750 33 750 33 750 33 750 33 750 33 750 33 750 33 750 33 750 405 000 
Subtotal fixed 
costs 
45 750 45 750 45 750 45 750 45 750 45 750 45 750 45 750 45 750 45 750 45 750 45 750 549 000 
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Table VII  Calculation of depreciation 
ASSET VALUE LIFE SPAN ANNUAL 
DEPRECIATION 
        
Mixing machine 86 617.20 10% 8 661.72 
Generator 6 000.00 10% 600.00 
Conveyer belt 121 339.00 10% 12 133.90 
Vehicle 160 000.00 20% 32 000.00 
Measuring 
equipment 
17 000.00 10% 1 700.00 
Lab thermometer 3 121.30 10% 312.13 
Humidifier 10 000.00 10% 1 000.00 
Labelling machine   10% 0.00 
Computers 48 000.00 33% 15 984.00 
Shelving   10% 0.00 
Canning machine   10% 0.00 
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Fork lift   10% 0.00 
TOTAL 
DEPRECIATION 
R 452 077.50   R 72 391.75 
 
Table VIII Annual salary bill 
JOB No of staff Total months per year Salary / month 
incl incidentals 
Total costs  
General manager 1 12 10 200.00 122 400.00  
Administrator 1 2 1394.25 5 577.00  
Bookkeeper 1 2 1394.25 5 577.00  
Sales person 1 2 1394.25 5 577.00  
Production 1 12 4225.00 50 700.00  
Driver 1 2 1394.25 5 577.00  
Seasonal workers 1 2 499.99 999.98  
TOTAL    R 20 501.99 R 196 407.98  
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Table IX  Production economics 
RAW MATERIAL % in 
composition 
cost per kg cost per year cost per can % total 
cost 
Clearcoat 42.5% R 43.38 R 353 980.80 R 13.84 0.10 
Hardener 30.0% R 49.07 R 282 643.20 R 11.05 0.08 
Thinner 27.0% R 19.19 R 99 480.96 R 3.89 0.03 
Eugenol 0.50% R 2 500.00 R 240 000.00 R 9.38 0.07 
Cans EACH   R 207 486.24 R 8.11 0.06 
Labels EACH   R 511 680.00 R 20.00 0.15 
SUBTOTAL        R 66.26 R 0.49 
            
ENERGY COSTS           
Air conditioner     R 4 000.00 R 0.16 0.12 
Mixer     R 16 000.00 R 0.63 0.46 
Canning Machine     R 3 500.00 R 0.14 0.10 
            
Wages     R 196 407.98 R 3.84 2.81 
TOTAL COSTS     R 3 610 450.38 R 136.82 4.10 
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Table X  Production budget 
Quarter 1 2 3 4 YEAR 
Expected sales units 24 60 120 130 334 
Less opening stock 200 75 163 329 767 
Plus closing stock 75 150 163 199 587 
Units to produce 299 285 446 658 1687 
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6. MANAGEMENT PLAN 
 
Figure IV Organogram of the Carlor Coatings Division 
 
Except for the general manager (GM) and production manager (PM), the rest of the 
staff will be shared between Osiba and Carlor Coatings because they will only need 
to do Carlor Coatings work on a part-time basis as we do not operate for a full week 
yet. For a start, they will work for a total of four months in a year if we produce twice 
a week. This translates to a total of two months in a year. We will therefore budget to 
pay them just for a total of two months in the first year of operation. Carlor Coatings 
will thus pay 17% of the salary while Osiba will pay the balance of 83%. The amount 
they earn will be pro-rated between the two divisions to alleviate the budget.  
The general manager is responsible for everything at Carlor Coatings. He knows 
about the sales, production, administration and financial status at all times and 
reports directly to the member. The finance manager works closely with sales and 
admin departments as well as the GM. She makes sure that creditors and salaries 
are paid on time while the debtors are reminded to pay timeously. A few of them can 
pay us 30 days after statement date, which means that we must wait for our money 
Member
Finance 
department
Chemist / 
production 
manager
Driver Permanent workers
Casual workers
Sales department
Administrative 
department
General
manager
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for two months after a sale because she sends statements at the end of the month in 
which the sale was made.  
The production manager works closely with the staff and the finance department 
because he makes sure all materials are purchased ahead of time. He also sees to 
the labour needs of the operation by drawing up a schedule for the days we will be 
producing including emergency production days. He makes sure that the conditions 
(temperature and humidity) of the production area are precise because any deviation 
may affect the quality of the product. We do not manufacture every day yet, so he 
must keep track of the number of days worked and feed them to the finance person, 
who then pro-rates the pay. The production manager needs to keep an eye on the 
expiry dates of the raw materials. Because all of them except the Eugenol can be 
sold at Osiba Automotive, he then can move them to the shop floor until we need 
more, in which case we get fresher stock from Osiba.     
 
7. SWOT ANALYSIS 
 
Strengths 
 
 Carlor Coatings is a black-owned, female-owned company – the government 
gives these companies preference in terms of financing. 
 We already have loyal existing customers (at Osiba Automotive) that can 
spread the word about our new product. We will try to keep them satisfied by 
listening to their comments and complaints. 
 Our new product will increase our share of the market. We will market it as 
vigorously as possible so we gain maximally from it as soon as possible. 
 Carlor Clear was recognized with an award by Step Up Innovation awards as 
a green innovation in 2013. 
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Weaknesses 
 Carlor Coatings is a young growing company. For this reason, it is a “cash-
hungry” business and so needs lots of regular cash injections. 
 It is relatively unknown; we need to make ourselves known to the market to 
increase our market share. 
 The automotive paint business is highly competitive. We thus need to 
differentiate ourselves to succeed in this industry. 
 
Opportunities 
 We offer an innovative and green product, which is a big advantage. 
 We are the first to introduce the product to the market; we can get a bigger 
share of the market. 
 We can hold on to the market share for longer if we patent our new idea or at 
least keep it as a Trade Secret. No one will produce a similar product for a 
while; this will give us a head start against competition.  
Threats 
 Poor access to entrepreneur finance. 
 Some companies may copy our idea. This can be circumvented by patenting 
it. A patent will protect us from intellectual property thieves and allow us to 
gain momentum in the market before anyone else can be allowed to start 
making a similar product. 
 Competition from well-established companies with alternative products. 
 Competition from companies with bigger budgets, who can manufacture 
where the product is not legally protected. 
 Stock shrinkage / theft. 
 Fire or unavoidable accidents.  
 Recession. 
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 Good color-matchers are scarce in the country. It is thus hard to retain them 
as they can be poached by other paint-shop owners for a very small amount 
of money. 
 
8. PESTEL ANALYSIS 
 
Political Factors 
 
Political issues affect businesses, whether directly or indirectly. An example is the 
effect that the Arab Spring in Egypt in 2011 had on Osiba Automotive’s stock supply 
many months down the line. They were faced with delays in delivery so much so that 
the local supplier, Kapci SA, had to resort to the more expensive airfreight as a 
means of transporting goods from Egypt. Planning in advance takes care of 
surprises like those and the business does not have to suffer unnecessarily. Where 
the buying department makes certain that there is enough stock to cover a few 
months down the line, it will be possible to foresee shortages when there is enough 
time to deal with the threat. It is also important to have a wide range of suppliers and 
not depend on one supplier. Our plan B will be to use materials from Plascon, which 
is a South African company with similar quality products. 
 
Economic Factors 
 
Presently, South African consumers are holding on to their money as we have never 
really come out of the recession of 2008. The South African Reserve Bank is trying 
to stimulate spending by leaving repo rate low or unchanged for as long as possible. 
The low spending appetite could be positive for Carlor Clear as it is a DIY product. 
People are moving towards doing stuff for themselves rather than sending their cars 
to panel-beaters. In America, the economy has taken a knock too, with the 
government trying ways of creating jobs; the situation is set to continue as is for a 
while as unemployment is at an all-time high. Overseas the trend is that people send 
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their cars to panel beaters. If this is anything to go by, our consumers will go this 
route once our economy is stable again. Carlor Clear will be able to address the 
needs of the busy panel beaters wanting to cut down on expensive labour, and they 
will buy it for its flexibility while DIY enthusiasts will buy it for convenience. They do 
not need to contend with complicated mixing ratios and short pot life. 
The South African government is positively disposed to entrepreneurship. It 
encourages the entrepreneurs by offering grants to youth and women who come up 
with viable business ideas. This is done via their Small Enterprise Finance Agency 
(SEFA) and National Youth Development Agency (NYDA). If the idea has potential, 
and has been tested by a Technology Station, the entrepreneur can apply to Small 
Enterprise Development Agency (SEDA) for a grant to buy machinery and raw 
materials to start manufacture. Depending on merit, grants are given but capped at 
R500 000.00 [12; 11]. There is no need to pay back the grant. The entrepreneur can 
focus on growing the business and making it work, creating jobs and paying tax, 
rather than draining the resources, trying to pay back a huge loan. We will need to 
be accountable to the grantor at times and undergo regular check-ups to verify if we 
are on the correct predetermined track. Any diversion must be corrected in good 
time, otherwise the grant becomes a repayable loan. 
 
Tax  
 
Small businesses are expected to pay income tax, employee tax, VAT and PAYE. 
Failure to comply with tax regulation is punishable by law. We are required to keep 
records of stock purchases, expenses and sales to calculate the actual VAT payable 
or refundable by South African Revenue Services (SARS). VAT registration is 
expected once the company turns over a minimum of R1 million per year. Upon 
registration, a certificate is issued to the company (VAT vendor). This means that the 
vendor now collects VAT for the government and can claim the VAT they incur from 
SARS every financial year end. Returns for VAT will be submitted every two months.  
We will keep an up to date tax clearance certificate, which states that the business 
does pay tax as required by law and is not in arrears. If the company is in arrears the 
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Tax Clearance Certificate will not be issued, which may lead to lost potential 
business.  
Every employee must pay towards Pay as You Earn Tax (PAYE) and contribute to 
Unemployment Insurance Fund (UIF), which will pay them some money when they 
are no longer employed. As the employer, we are responsible for deducting these 
from the salary before it reaches the employee and paying it directly to SARS.     
Eugenol is now available locally so we no longer need to import it and pay clearing 
costs on top of its high price. In the unlikely event that we import eugenol, we will not 
be liable to pay VAT because any import that is used in manufacture is exempt from 
VAT [5]. 
We will have a full-time bookkeeper to take care of the tax issues and the books in 
general. We cannot afford to slip in this area as SARS is very strict and will penalize 
us for any slip-ups.  
 
Seasonality  
 
More accidents happen on our roads on wet roads and our rain is seasonal. This 
means we expect more business in summer. That said, December is a quiet month 
in our industry as most South Africans close shop for about two weeks to celebrate 
Christmas. Winter is the driest of all four seasons, both in terms of business and 
rainfall. The trend in the industry is that panel beaters only buy paint and accessories 
as they need it, never to store it for future. We need to supplement by selling other 
products like car batteries, which incidentally tend to die more in the cold months of 
winter. Diversification is one of the ways of keeping business going when the main 
product is not doing well. 
 
Exchange and Interest Rates  
The American dollar is used in trade throughout the world. The exchange rate 
against the American dollar has a bearing in our business. A weak rand will be an 
advantage to us when we are exporting to other countries because our customers 
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will pay us in American dollars too, so we get more rand value per dollar. Our repo 
rate has not been raised in a long time, as the South African Reserve Bank is trying 
to help stimulate spending after the recession of 2008. The cost of capital is affected 
by the reserve bank’s repo rate. If the repo rate is left at this current level bank 
repayments will be affordable and business will be stimulated. A good economy 
means growth for business. Our customers will be able to spend more without fear of 
paying high interest. Similarly, if the repo rate goes up, the banks will raise their own 
lending rates and so will the interest be raised, leading to reduced spending by 
consumers. We will try avoid bank loans for as long as possible so we don’t have to 
pay high interest rates. 
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Social Aspect  
To rectify the imbalances of the past, the government introduced Black Economic 
Empowerment (BEE). This is a policy whereby previously disadvantaged South 
Africans are given preference in business, especially dealings with government. 
Companies are required to employ a certain percentage of blacks and / or be black-
owned to a certain extent. The government gives preference to such BEE compliant 
companies as service providers and suppliers as an incentive. Our supplier is a 
black-owned company and we are owned by a black woman. This places us at an 
advantage and boosts our BBBEE points. The more women involved in a business 
the more compliant the business is seen to be as this gives an opportunity to 
develop women in general, who have been in the back banner in our country for 
decades. This advantages us in case we need capital in future to grow our business 
and we could also be suppliers to the Government Garage. [13] 
 
Cultural considerations 
As we are a multicultural country it is imperative that we are sensitive to all cultures. 
Sometimes there is a death in the family and the employee must attend the rituals 
that come with that. This cannot be planned for in advance. The onus is on the 
employer to make alternative arrangements for the business to keep going. At Carlor 
Coatings people will be multi-skilled to do more than just one kind of job so that they 
can stand in for their colleagues whenever necessary. Thankfully the production line 
does not require specialised training. 
As of 2013 our population comprises of 36.6% young people [7]. This means that the 
work force will be young and willing to work though they may not necessarily be 
experienced. The cost of labour is thus not as high as would be in an aging, 
experienced population. We therefore need to invest in training the workers to a 
satisfactory standard. Skills development levy (SDL) is a contribution to the 
government for employees to get relevant training where available. When we reach a 
certain threshold in terms of the salary bill, we will contribute to SDL so our company 
can enjoy benefits of skills transfer from similar companies at a fraction of the going 
training rate. Health of the staff is important for a functioning business. HIV / AIDS is 
a number one killer presently especially among youth. We need to make people 
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aware of this in a more meaningful way by holding workshops. We also will employ 
without prejudice for people living with HIV & AIDS. Other diseases like cancer and 
diabetes also need to be dealt with increasingly in the country. The ailing workforce 
needs to be nursed back to health. The finances that are needed for that can be 
made available through the medical aid schemes or hospital plans. Carlor Clear will 
contribute part of the monthly contribution. Injuries also need to be anticipated. The 
company might have to pay an employee while he recuperates after an injury while a 
replacement is also being paid a full salary. Business insurance comes in handy to 
alleviate the stress in such cases. The Compensation commission also makes 
allowance for injuries that occur in the workplace. We are registered with the 
commission and we pay a monthly contribution as insurance. Employees must play a 
role e.g. use protective clothing whenever necessary [14]. 
To retain our key employees, we will offer them lucrative retirement plans, health 
insurance and sick leave. To compensate them we will offer, over and above the 
salary, share options or profit-sharing in the business. This is one of the ways that 
gets them to commit to the company as they know that they own part of it and its 
success is theirs too. On-site child care is not ideal in our situation as we deal with 
hazardous chemicals. In its stead, we would offer flexible work hours to workers with 
children. They can start working as early as the kids are dropped off at care-givers, 
and leave in the early afternoon to spend quality time with family, after putting in the 
requisite number of hours at work.   
 
Social responsibility 
We need to encourage school-leavers to take up vocational training such as panel 
beating and spray-painting as a career and sponsor the promising ones to complete 
their training. We will then sign a contract with them so they stay with us for a few 
years thereafter to impart their skill to other learners before they can move on. That 
way we will uplift our community while we contribute to the growth of the industry as 
well. We will source learners from the Skills Education Training Authorities (SETAs), 
who have been tasked by the government, through the Department of Higher 
Education, to match students with the industry through learnership programs. 
Manufacturing, Engineering and related SETA (MerSETA) is the SETA responsible 
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for our field of activity, engineering. This is important in closing the skills gap 
especially in the absence of entrepreneurship education in the country’s schools. It is 
the closest we can get to training as many apprentices as we can, using government 
assistance. We would also like to tap from retired manufacturers who are willing to 
impart the skills and knowledge to us. Apprentices will have an opportunity to learn 
directly from them, a resource which cannot be replaced. That way we keep a pool of 
knowledgeable people developing in this specific field.  
We would associate and work closely with Shanduka Black Umbrellas as well as 
other organizations like Endeavour SA to try and share our story with other South 
Africans to inspire them and to do our bit to educate them about the pitfalls and the 
possibilities of running an innovative business in SA. The more visible and attractive 
this vocation is the more the appropriate young people will choose it as a career.     
 
Trends and Buying patterns 
 
As more South Africans get jobs, our economy thrives, more people can afford their 
own cars. Some buy cars to avoid poor treatment from taxi drivers and poor public 
transport in the country. The more cars there are on the roads the better the chances 
of accidents and the more in demand our products will be. More people will want to 
take better care of their cars and that means buying our products more. The young 
generation likes to keep their vehicles in good condition. Carlor Clear is a good 
addition to their shopping list as it allows them to take care of their own vehicles 
without taking it to the panel-beaters. Company executives don’t mind paying 
someone else to keep their vehicles presentable, so panel beaters also continue 
running businesses. Moreover, there is an increase in mobile scratch repairs and the 
number of outlets that take care of vehicles in airports and this is testimony to that 
fact. Minor scratches can be removed while the owner jets off for a meeting out of 
town; on his return, he gets his vehicle back without the scratches. Women drivers 
also don’t want to be associated with shabby, scratched vehicles. Some will even 
take insurance just for the scratches. This presents a good case for marketing Carlor 
Clear as it is easy to use and can save the consumer lots of money.  
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It is fact that panel-beaters only purchase their stock on demand. They do not buy 
and store in advance. Carlor Clear is used in all paint jobs that involve basecoat 
regardless of colour. It is imperative that the market be educated about this so they 
make large purchases upfront. This can be achieved by offering incentives e.g. 
vouchers linked to volume purchases. 
 
Technological Factor 
 
Automation  
The government is presently trying to encourage industrialisation among blacks in 
the country. Manufacturers have an opportunity to get the know-how imparted to 
them by technology stations, which are an extension of the department of science 
and technology. This way more ideas than before get to see the light of day. Carlor 
Clear is a highly sensitive product to manufacture as it requires prompt and 
specialized packaging. Only an average amount of training is necessary for our 
workers to master this skill because most of it is done by machines. Research and 
Development (R&D) will be outsourced for a while until we can open our own R&D 
laboratory. If we don’t automate our production line, we will be limited as to how 
much we can produce on a regular basis. Automation will open opportunities to 
produce much more product and reduce losses. It is a costly exercise and will need 
a good budget. Once we have automated our business we will be able to expand 
and save on the cost of person hours. 
 
Information, communication and banking  
The branding of the company will need to go with our target market and our vision. A 
communications professional in our team will be vital. She will handle our public 
relations, manage our brand etc. Communication is vital in an organization, both 
internally and with the rest of the world. Emailing and telephone are presently 
popular. However, it is more expensive to use the telephone than the internet as 
uncapped internet is readily available. This means that, unlike with the telephone, we 
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can have unlimited access to the internet for a fixed amount of money per month. To 
keep the telephone bill under control we can allocate a code to everyone to use so 
the calls made can be tracked. More communication can be outsourced to a 
communications company. This will give us time to concentrate on running the 
business while getting professional service from the communications company.  
Banking is also vital as we will be dealing with foreign exchange when we order raw 
materials and export finished goods. Forex People is a company of specialists in 
dealing with foreign exchange banking, so we can contract our banking out to them. 
We will have an account with them; they know the trends in the banking industry and 
will take care of our foreign exchange.  
 
Environmental Aspect 
The Carbon footprint is an issue gaining momentum internationally. Businesses often 
must look after the “triple bottom line”, which covers people, planet and profits. 
Everyone needs to do their bit in conserving the natural resources. We must be 
careful how we spend the water, electricity and other resources. Similarly, we need 
to dispose of the effluent water and used thinners responsibly. The latter is to be 
stored in a suitable container which is then taken away by the supplier who supplies 
Osiba Automotive, once the tank is full. He is obligated by law to collect the thinners 
from his customers and recycle it. Our bylaws do not allow us to throw it down the 
drain. This way we take better care of the environment and conserve it effectively. 
 
Legal Aspect 
 
In their quest to protect employees from unscrupulous employers, the government 
introduced tough labour laws. It is the responsibility of the Commission of 
Conciliation Mediation and Arbitration (CCMA) to enforce the laws. It is always 
advisable for an employer to deal with discipline in the organization by the book, as 
recommended by the CCMA, failing which the employer might have to pay the 
employer for any unfair treatment. Employees will be provided with acceptable 
working conditions and be given good occupational care. An example is if an 
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employee is injured at work they must be compensated accordingly, as required by 
the Compensation Act [15]. By law, all businesses must be registered with the 
compensation commissioner, and contribute monthly to the Compensation Fund so 
that in case of an injury in the workplace, the employee can be paid a certain amount 
of money as compensation.   
The Consumer Protection Act (CPA) is on the side of the consumers. It aims to 
protect the consumer through controls on product liability and fairness in consumer 
contracts, among others. Under this act the burden of proof is shifted from the 
consumer to the supplier. As a retailer, Carlor Coatings needs to be familiar with its 
demands so as to comply with the law. An example of how consumers are protected 
by this law is that, from April 2011, consumers can return goods for a full refund if 
returned within a certain period, and are in a resalable condition. [4; 5] 
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